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I. INTRODUCTION

A. Problem. Typically, the elementary school program includes
instruction in several subject areas, e.g., reading and language
arts, arithmetic, science, social studies, art, music. Blackwood's
study ( 6 ) has indicated that science instruction in elementary
schools: 1) commands 107. or less of the pupils' time in school,
2) is presented by a classroom teacher with little or no help from
a science consultant, 3) depends heavily upon one or more textbooks
for science content, and 4) is taught to groups of 35 or more pupils
by a teacher who is responsible for teaching several subjects, al-
though in large shcool districts some groups may be taught by a
special science teacher. During the past three decades, little em-
pirical evidence has been collected to identify the specific science
concepts or generalizations which elementary school children would
be able to understand if given competent and efficient instruction
under the restrictions of limited time, available personnel, and
material resources which typify elementary school science programs
throughout the nation.

Without this information, it has been very difficult for elem-
entary school curriculum groups to organize an adequate program in
science. Many school districts have simply adopted a science text-
book series for all grades. The publisher's scope and sequence
chart has become a fundamental element in the science programs of
those districts. In some cases, the plan of instruction provided
in the scope and sequence chart may be modified by the school and
teacher to provide for a study of local science phonomena. For
those districts, the official curriculum guide is a blend of all
of the ideas in the publisher's scope and sequence chart with pro-
visions for study of local science phenomena.

Unfortunately, it has been a practice of some publishers of
elementary school science textbooks to build their scope and sequence
charts by selecting those topics which are common to the curriculum
guides of school districts throughout the nation. In this way the
publishing company has planned to have a textbook which it could
sell to School districts throughout the nation.

This circularity provides an iL,dequate foundation for an
excellent science program for elementary school pupils. It seems
obvious to the writer that something should be done to break this
cycle, and provide reliable information for adequate curriculum
decisions. There is a continuing need for several normative studies
to determine which concepts in the physical and biological sciences
can be understood by elementary school pupils. This evidence should
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be founded upon what elementary school children could learn as a

result of competent and efficient instruction under existing circum-

stances, e.g., using available teachers, texts, apparatus. The col-

lection of evidence should follow accepted sampling procedures in

order that the results of the normative studies may be generalized

legitimately to larger populations of elementary school pupils.

This information should be reported in a form which could be readily

used by curriculum planning groups throughout the nation.

It is important to note that these normative studies would

merely provide one block of evidence to guide the organization of

the elementary school science curriculum. The norms should not

be considered absolute standards. On the contrary, they should

serve as a set of "bench marks" to guide the curriculum decisions

and as an aid in the appraisal of the accomplishments of proposed

innovations in science instruction. The present study attempted

to provide one small segment in the block of evidence which is

needed.

B. Objectives. This investigation was undertaken to accom-

plish the following specific objectives:

1) Identify several valid and significant generalizations

about electricity, heat energy, and simple machines which form the

content of three units of instruction for pupils in the intermed-

iate grades.

2) Construct achievement test items to provide estimates of

pupils' understanding of each of these generalizations.

3) Present the three units of instruction to randomly selected

classes of pupils in the Metropolitan Detroit area

4) Use item analyses of each unit achievement test to deter-

mine the per cent of pupils who understood each generalization

before instruction and after instruction.

5) Arrange the per cent correct responses to serve as probabil-

ity estimates that other pupils will understand a specific generali-

zation.

6) Document the accuracy of these probability estimates by

providing estimates of their probable error.

7) Publish these probability statements in a form which would

be readily usable by curriculum planning groups throughout the

nation.

8) Use a computer program and the empirically derived
2



probability estimates to make tentative curriculum recommendations

for the classes in schools participating in this study.

C. Review, of apifissint Iittattiat. In this section of the

report, the writer has identified some of the salient elements which

appear to be directly related to this study. Perforce, this must be

a superficial summary, but the report's list of references identifies

sources of more information about any one of the major elements re-

ported in this review.

At least three major components should be identified to help

the reader interpret the intent, the effort, and the products of

this study. These three main segments are: I) the contributions of

other science educators and government agencies to science education

during the past decades, 2) the use of language in the classroom,

and 3) the meaning and interpretation of the term "probability".

In the following remarks, the researcher has attempted to explain

his impressions of these major segments and the extent to which

they have influenced his efforts in this project. They have been

discussed in the order mentioned above.

1. Contributions of Science Educators

and Government Programs

It seems that the major impetus for directing and formulating

objectives for science instruction in the elementary schools has

been provided by at least three agents. Specifically, they may

be identified as: a) science educators and theft publications, b)

agencies and legislation of the federal government, c) the theoreti-

cal and experimental work of certain prominent psychologists and other

academicians. Frequently, the efforts of these agents have overlap-

ped. Sometimes they have been coordinated, and often they have

appeared to work in opposition to one another.

a. Influence of Science Educators. One may distinguish at

least two groups of science educators. In one group there is the

basic research scientist who has ordinarily studied intensively in

a science discipline as an undergraduate student and as a graduate

student. The basic research scientist ordinarily teaches his

specialty at a university or conducts research in his special field

and he has rarely conducted prolonged study of ways to improve in-

struction of his science specialty in the elementary schools and

the secondary schools.

In the second category, the science educationist has ordinari-

ly studied deeply in one or more science disciplines as an under -'

graduate student and/or graduate student but his research and teach-

ing have been directed primarily toward improving the science instruc-

tion in elementary schools or secondary schools. Although these

3
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are not mutually exclusive classes of the group, "science educators",

the distinction is clearly made by the National Science Foundation

(15 ) and others (90 ).

Herbert Smith (76 ) has summarized the historical background

and major contributions of science educationists who attempted to es-

tablish and direct ocience instruction in the elementary and second-

ary schools of the United States.

It seems that Craig's work ( 18) during 1927-1934 marked the

entrance of science into the elementary school program and publica-

tion of the first science textbook for elementary schools. The

products of Craig's work and thought seemed to dominate the elemen-

tary school program during the following two decades. This period

of 1934 through 1954 was punctuated by the studies of Haupt (28),
Hill (30), Read ( 63), and other science educationists, who attempt-

ed to explicate the role of science in the elementary school. During

this period, educational research in science and other curriculum

areas was crude and not " academically respectable." Many of these

scholars relied upon the sporadic efforts of graduate students to

explore certain persistent problems:
What science content should be taught?
When shall it be taught?
What procedures yield optimum success in science education?
What practices in science education occur in the schools?

When and where can "the scientific method": or "problem sol-

ving"be taught?
To a large extent, these identical questions or very similar ones

are being posed by contemporary science educators. They have not

been answered by persuasive evidence. They continue to be foci

of research and apprehension.

During 1952 there was an attempt by McCarthy to discover the

mental age when certain concepts about machines could be taught( 45).

Similar studies for heat, atomic energy, sound, and light were

conducted by Starrett ( 79), Reid (64), Nelson ( 51), and Smith

( 72). In large measure, these research efforts have been isolated

and have had a trivial impact upon the science programs of elemen-

tary schools throughout the nation. On the other hand, the leading

science educationists (17,23,8,68)have relied primarily upon the

science textbook to communicate their ideas about science to teachers

and to children in elementary schools of the nation. As Blackwood

( 6 ) has indicated, the science textbook is the omnipresent in-
fluence in the school systems which he surveyed.

The basic research scientist emerged as the major force to

influence elementary school science curricula during the decade of

1957-1967. This ascendancy occurred in large measure through the

financial support of the National Science Foundation ( 37).
4



b. Influence of Federal Governmult. The federal government

has exerted a tremendous influence upon the direction and implimen-

ration of science instruction in the schools of the nation. When

the National Science Foundation ( 50) was created in 1950, its

institute programs began to exert a major influence on the high

school science teachers early in 1954. Subsequently, the major
curriculum programs in elementary and secondary school science,
i.e., PSSC, BSCS, ESS, AAAS, SC/S, USIP, and Minnemath, have emerged

to give additional impetus by providing curriculum materials and
consultant services to many elementary schools' science programs.

(50).

In the elementary schools, the major thrust of these new prog-
rams has been toward the development of instructional materials and
procedures to cultiVate the "discovery" or "process" goals of science

( 37). These projects have generally relied upon a combined effort
of basic research scientists and classroom teachers to develop
their units of instruction. Although these materials have been
produced in considerable quantities and distributed widely through-
out the nation, reports of their contributions to improve the
quality of science instruction in representative elementary schools
have been sparce and often casual (21 ).

Recently, the science educationist has been participating more
actively in the federally supported programs than he has in the past.
Perhaps one of the most promising artifacts of this collaboration
of science educationists, research scientists, and school personnel,
was the National Science Teachers Association document Theory Into

Action, (84). This document provided the axioms of the conceptual
schemes and the science processes which may be expanded into curri-
culum materials for instruction within the nation's elementary
schools. It apparently represented a concensus of research scientists,
science educationists and school personnel upon the salient goals
of science education (K -12), One of the major architects of this
document has initiated a Tesearch project to attempt to impliment
the ideas expressed in the NSTA document (16 ).

The National Defense Education Act must receive major credit
for supplying the schools with apparatus and materials which would
support the quality of science instruction advocated by most of the
recently conceived programs in science education (88 ).

The impact of the Elementary and Secondary Education Act of
1965 ( 53) will undoubtedly be far reaching, although it is too
soon to estimate which of its components will be predominant.
Title III of ESEA provided funds and encouragement for innovations
in all curriculum areas, including science education. Otecan only
speculate upon the extent to which this call for improvement will

be heeded.
5
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c. .1.2flumm of Waal.ulna and 0 er Academi,cans. Bruner

summarized the problems, hopes, and intent of the basic research

scientists and other academicians following their 1958 meeting

at the Woodshole Conference ( 9). He asserted:

"We make the bold hypothesis that any subject can be taught to

any child at any stage of his development in some effective and in-

tellectually honest form."

This statement opened the door to the vast array of content goals

and process goals which have been accumulating in the physical and

biological sciences for generations. Programs flourished. In the

ensuing decade, elementary school children have received instruction
in mathematical logic under the direction of Steppes (81 ), in inquiry

skills advocated by Suchman (80 ), in advanced principles of astron-
omy recommended by Atkin ( 2 ), and through a science program which
emphasized processes of science developed by AAAS Commission on
Science Education (43 ).

There has been a dearth of published criticism to this combined

effort of prominent research scientists and psychologists who were
amply supported by federal funds. Ausebel ( 3 ) remonstrated that

the discovery approach to teaching science could not achieve all
the goals of science education and that it was essential to provide
meaningful and systemetic instruction of concepts. Herbert Smith
(75 ) criticized the vested interests which were developing as a
consequence of the NSF Institute Programs. Gary Smith ( 73)
rejected "Bruner's Hypothesis" as a hypothesis and chided Suppes(70)
for over generalizing the results of his work in teaching logic to

fifth and sixth grade pupils. However, these critical remarks have

not substantially influenced the direction of this exploratory work
in studying children's science concepts or their understanding of

the process of science.

On the other hand, the research and conclusions of Piaget
(59,32), have been accumlating supporting evidence and adherents
since his initial studies of children's language, circa 1929. This

cumulative support has generated for Piaget's views a renaissance
of interest in the United States (60 ). His evidence and arguements

in support of developmental stages in the cognitive growth of child-

ren have caused several leaders in the national curriculum groups
in science education to reconsider their goals and procedures (60 )
Among other things, Piaget has raised questions about the conserva-
tion of the meaning of concepts and the age level at which proposi-

tional logic emerges. If a child's intellectual impression of a
physical object does not remain "invariant" from one moment to the

next, as Piaget has contended is the case for children in the pre-
operational state, then there is a basis for questioning the merit

of instructional programs which devote time and resources toward

helping the pupil "discover" the abstract concept of an object.

6



Several replications of Piaget's work have been conducted in the

United States and in Western Europe (22 ). Although there are con-

flicting reports of the precise age levels when a particular deve-

lopmental stage occurs in any child, the replications have tended

to support the ordered sequence of stages in congition specified by

Piaget.

Cagen has stated that the basic point of disagreement which

separates some American psychologists from accepting Piaget's model

of children's cognitive development is Piaget's assumption that the

logical structures of cognition are independent of language (10 ).

When one considers that Piaget's supporting evidence is consistently

drawn from interviews with children, the researcher shares the mis-

givings alluded to by Cagen.

Although some of the leaders of the national curriculum pro-

jects appear to be responding favorably to the influence of Piaget's

research (60 ), there does not seem to be a grand design emerging

from any single national curriculum group or combination of curricu-

lum groups. This is a synthes4s which may be achieved in the decades

ahead.

Some psychologists have been exploring an information process-

ing model of concept formation. Miller (49 ) has suggested that

there is a finite number of bits of information which an individual

may be able to bring into some relationship, when relying only upon

the information processing capabilities of the mind, rather than

the written coding of information.

In support of this, McLaughlin, (47 ) in the Northampton

College of Advanced Technology in London, has proposed that a "psycho-

logic" may be incorporated into Piaget's view. That is, he suggest

ed that a child's capacity to hold certain "concepts" in his memory

may limit the extent to which the child can process information and

therefore imposes a limit on the level of thinking at various age

levels. As the child grows older his capacity to hold a larger

number of "chunckeof information: is increased. McLaughlin's ex-

perimental work in support of this has been conducted primarily

through the use of norms of digit span tests conducted by Wechsler

in 1949 and 1955. He expressed the viewpoint that the complexity of

concepts and/or generalizations which an individual child might

assimilate would be directly related to the number of separate con-

cepts which he might be able to process intellectually at a given

period of time.

Hunt ( 31) has pursued this line of research vigorously by

ualitzing data processing equipment to build matrices of verbal

symbols which he describes as a "Concept Learning System." This

seems to be a cybernetic model of concept learning which is

related to the philosophy of Wiener ( 94) and Ashby ( ). In

7
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education, there are several persona advocating this approach (77).

At least one science educator has described a cybernetic model (52 )

to be used in science education.

Smith (71 ) reported a computer program which would make cur-

riculum recommendations in terms of a pre-conceived decision format.

He has also suggested that a "mapping" of pupils' comprehension of

certain topics may be facilitated through the use of symbolic logic

and computer analysis of the response patterns to multiple choice

test questions (69 ). The present study represented an effort to

collect reliable evidence, which might serve as input to the models

described by Smith.

2. Use of Language in the Classroom

a. Semantic! of Classroom Language. Weaver (91. ) has been very

critical of textbooks and their explanations of concepts and general-

isations taken from the physical sciences. He has contended that

these statements in certain elementary school textbooks have been

confusing and erroneous.

Ruchlis (65 ) has taken exception to We'ver's remarks and argued

that it is inappropriate to say that there is simply one "scientific"

meaning for a term or expression, and to ignore the large number of

other meanings for the same word or statement which occurs in the

daily language use of non-scientists. Ruchlis asserted that seman-

tic difficulties of communicating with children in a language which

is meaningful to them as opposed to a language which has achieved

concensus among physical scientists is at the heart of the problem

and the disagreement between himself and Weaver.

Iona ( 35) has entered into a similar dispute in the literature

with a classroom teacher, Ulrich. Iona was very critical of the

statements of science principles and generalizations in articles

written by Chinnis (13 ) and by Ulrich (86 ). lona objected to the

poor wording and the erroneous statements of science principles,

and he rejects oversimplification of these principles

or what he considers to be erroneous statements which may lead to

persistent misunderstanding.

In his reply to Iona, Ulrich (87 ) has acknowledged the need

for valid criticism of generalizations and concepts as they have

been stated in the past. He invited Iona to contribute his time

and energy to prepare such a series of statements, and then Ulrich

argued that it was intellectually honest to state science principles

in a language which uses simple terms in order to establish meaning-

ful communication with children in the teaching-learning situation.

It seems that at least two scholars concerned with language

and communication would tend to support the view that language is

a very imprecise means of communicating ideas. Hayakawa (29 )

8
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takes the position that we live in a semantic jungle in which we

are involved in a never-ending task of interpreting the Mange of

words flung at us from teachers, salesmen, public officials, and the

...cries of the hawkers of soft drinks, soap chips, and laxatives

who pursue us into our homes..." Hayakowa states that it is a false

idea to anticipate that any single wort can have a single meaning.

This, in turn, directly implies that a single generalization or

principle composed of single words cannot have a single meaning.

Cherry ( 12) concurs with the view that everyday language is a

fragile vehicle for expressing one's ideas. He takes the position

that there are not enough words to express the subtleties of every

thought. In point of fact, Cherry believes that language is kept

alive by common usag,by the "vulgar" and by a few thousand words

which seem to be the limit of the vocabulary of most English-speak-

ing people.

It is the view of the researcher that the language used by the

teacher in the experimental classrooms and in the classrooms through-

out the nation is a very imprecise vehicle for communicating any of

the ideas considered principles or generalizations of science. In

his view, mathematics and logic are two exact languages. Some have

even argued that mathematics is simply a well developed branch of

logic (38 ), but that dispute does not concern us here. The main

consideration is that the language used in the elementary school

classrooms to teach science or any topic can only approximate the

precision of mathematics and logic. The use of language in present-

ing the units of instruction in this research project and the langu-

age used'in evaluating pupils' understanding of those concepts or

generalizations was necessarily imprecise. It represented an effort

to teach a set of ideas as effectively as possible through adiftedly

crude medium of communication On the other hand, it is the research-

er's contention that the plan of instruction, the materials, and the

teacher's presentation provided science instruction whose quality

Was as good or better than the science instruction conducted in

other randomly. selected classes in Metropolitan Detroit.

The problem is compounded whin one considers that the language

of the classroom is often meaningless or unintelligible to pupils

from low socio-economic communities. This is the view of Bernstein

( 5 ) and others. The instruction used in this research cannot

escape the problem of imprecise language which must necessarily

occur when any classroom teacher meets with a group of children for

the purpose of helping build meaningful ideas about some topic.

The scope of this dilemma is discussed in greater detail in Appen-

dix G.

b. wain& of Perception, Concept, and Generalization. Rus-

sell ( 66) has discussed various definitions and relationships

among the terms "perception", "concept", and "generalization." He

has indicated that "percepts" or "perceptions" are sensory impressions

9



which are recorded via a person's senses of sight, hearing, smell-

ing, touching, tasting. For example, a child may see an object

with four legs. A few moments later, his mother says: "That's a

dog." The child's sense of sight has recorded a percept of the

object with four legs. His sense of of hearing has also recorded

a percept. A child may or may not consider the two sensory impres-

sions to be related. Although this is an oversimplification of the

perceptual process, this gross interpretation of "perception" has

been used by the researcher in the present study.

In regard to the denotations of the term "concept", the researcher

subscribes to the views of Russell ( 66) and Gagne ( 24) that this

term refers to an instance when a person thinks of two or more per-

cepts as related in some way. The thought of that relationship

between two or more percepts is considered by the researcher to be

an instance of a "concept". For example, a child may see a furry

object with four legs. He hears his mother say: "That's a dog."

The child's sense of sight has recorded a percept of the object with

four legs. His sense of hearing has also recorded several other

percepts. The child may or ,may not consider these sensory impres-

sions or percepts related.

When a person is able to think of two or more percepts as

related in some way, the thought of that perceived relationship is

considered to be a "concept". For example, a child may see and

feel a furry object with four legs. He hears the object make a

sharp barking sound. His parent says, "That's a dog." The child's

senses of sight, touch, and hearing have recorded these sensory

impressions and %is mind has coordinated these percepts to form a

thought or concept of "dog." As the child has more experiences,

i.e., opportunities to form percepts, with the same dog or other

dogs, his concept of "dog" is able to increase in complexity and

usefulness.

A person's concepts may be very simple and have tangible re-

ferents, e.g.,.dog. On the other hand, they may be very complex

and abstract, e.g., energy, atom, democracy, electron, molecule.

Obviously, we do not presently have means to observe directly

the "tbbught" or "concept" in the mind of the child. Therefore,

the researcher must observe and record pupils' overt behavior as

well as his verbal or written responses to stimuli. From this

observed evidence, the researcher attempts to infer the condition

of the concepts or generalizations in the pupil's mind.

The researcher subscribes to Gagne's view (24) that a prin-

ciple or generalization is a statement expressing some relation-

ship between two or more concepts. The, term "generalization" is

considered to be a synonym for the term "principle".

10



For example, the statement, "The dog runs fast." is considered
a "generalization." The statement includes the noun concept "dog",
the verb concept "runs" and the adverbial concept "fast". The

statement will communicate meaningful information to a person if
he has established a set of related percepts for each concept in

the statement. Generalizations may be very simple as in the pre-

ceding example. On the other hand, they may be very complex, e.g.,
for all real numbers, a+ b = b+ a. All matter is composed of atoms.

3. Meaning of the Term "Probability"

The historical development of probability has been described
briefly by King and Read (40) and its various rules and applications
were discussed in popular volume by Weaver (92 ). The prominent
philosopher, Carnap, has devoted considerable theoretical research

to explicating the meaning of this term ( In substance, Carnap
believes that there are two distinctly different concepts of proba-
bility. One concept, Probability (1), refers to the extent to
which some hypothesis "h" is confirmed by available evidence "e".
This evidence is evaluated in terms of semantic data and not in
terms of empirical data. The truth value of statements or hypotheses
within this category is determined by logical analysis and these
statements are Probability (1) true without regard to events in
the real world.

Probability (2) is considered by Carnap to refer to the relative
frequency of some property or event occuring with respect to the
entire set of events which might possibly occur. This is the most
thoroughly developed of the two concepts. The truth value of hypo-
theses or statements in this category are determined by factual or
empirical evidence.

Carnap has devoted a substantial portion of his scholarly life
and published research to distinguishing among these two concepts
and the kinds of events to which they ms; Je legitimately be applied.
Indeed, Carnap has devoted considerable effort to defining the axioms
which may be utilized to build an inductive logic where Probability
(1) would have primary responsibility and would function in a
manner compatible with the considerable empirical work which has
buttressed Probability (2).

The mathematician and philosopher, Kemeny ( 38), has agreed
that there is little debate that Probability (2), as defined by
Carnap, is well established in the literature of mathematics and
science as "The Theory of Probability". However, when Probability
(1) enters for consideration, Kemeny says that there are at least
"two and one-half schools of thought" about the appropriate means
of analyzing evidence to arrive at the truth value for Probability
(1) statements. Some scholars believe that relative Lquencies
may be used, others believe that these probability statements are

1.1



not amenable to exact mathematical analysis, and Carnap leads the

list of another group which has attempted to create a mathematical

system for Probability (1).

In a separate discussion of probability, Papoulis (54) dis-

cussed the relationship of the theoretical models of probability

and the physical phenomena to which they may be applied by scien-

tists and engineers. He distinguished four definitions of the

condept "probability": 1) the relative frequency definition of

probability based upon a mall number of axioms, 2) the relative

frequency definition based upon a posteriori evidence, 3) the a

priori definition as a ratio of favorable events to total possible

imam and 4) probability may be defined as a measure of belief.

Papoulis argued that the axiomatic definition was to be pre-

ferred in the instructional program of potential scientists and

engineers although the a posteriori relative frequency concept of

probability and even the classical concept of probability have play-

ed major roles in aiding engineers in applying the theoretical

models of probability. For Papoulis, the concept of probability

as a measure of belief is frequently used in daily activities, but

he believes that "...this folmi of probability has no place in the

development of an exact theory."

It seems reasonable to conclude that there are various points

of view regarding the meaning of the term "probability". Therefore,

it is appropriate to comment briefly on the use of the concept of

probability in this study. In collecting data, analysing it, and

reporting estimates of "probable success" in understanding some of

the generalizations, the researcher has been concerned primarily

with the number of correct responses of pupils to a given test item

in relationship to the total number of possible correct responses

which might have been made by all pupils to that particular item.

This is essentially the a posterori relative frequency concept

(Probability (2)). Moreover, the confidence belts specified in

Appendix D of this report indicated clearly that the researcher

believed that it was possible to estimate the level of confidence

or the degree of belief in each of the proportions which have been

cited. These estimates of confidence in the proportions have been

established upon the work of Pearson (58 ) as well as that of Tate

and Clellaed (83 ).

However, when one begins to utilize these proportions and .the

confidence belts, it seems to the researcher that the model of in-

ductive reasoning described by Carnap (11 ) takes on .considerable

relevance. This model for inductive reasoning is very valuable in

the judgement of. the researcher. For example, someone may assert:

"Sixth grade pupils can understand the generalization: 'All matter

is composed of atoms." It is obvious that one can find some "sixth

grade pupils" who cannot understand that generalization before or

12



Oftecainstruction. One can also find other "sixth grade pupils"

who will understand the generalisation before or after instruction.

Therefore, the statement does not communicate unequivocal information

which can be used to arrive at some decision about sixth grade pupils

and their success in understanding the generalisations. In the view

of the researcher, this is a useless satement. It is an equivocation!

The researcher takes the position that a meaningful statement

would be"Reid's study indicated that the probability is four chances

in ten that sixth grade pulkils will understand the generalisation:

'All matter is composed of atome." A more explicit and meaningful

statement could have been made by actually referring to the particu-

lar study, to the particular sample upon which the statement was

based, and to the population to whom this statement was applied.

This approach is mu similar, if not identical, to Carnap's concept

of"degree of confirmation."

Undoubtedly, the literature of science education has not

achieved this degree of specificiwy. For this reason, a large

body of this literature and a corresponding volume of spoken messages

at professional meetings are meaningless messages for this researcher.

This is an acknowledged deficiency on the part of the researcher.

of
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II. METHOD OF STUDY

1. Sampling Procedure

The population for this study included all fourth, fifth, and

sixth grade pupils in the public schools of Metropolitan Detroit.

For purposes of this study, Metropolitan Detroit was considered to

include the city of Detroit and all school districts which touched

the city limits of Detroit.

The sampling plan was A stratified, two-stage, random sample.

The population was composed of two major strata--suburban school

districts and the nine districts in the Detroit Public Schools.

Stage #1 in the sampling plan was concerned with the selection of

school districts within each stratum, and stage #2 was concerned

with the selection of public schools within the districts. The

sampling unit was each elementary school in Metropolitan Detroit

which contained fourth, fifth, or sixth grade pupils.

A. Selection of Sample from Detroit. A survey completed prior

to this study indicated that approximately 50% of the pupils

in the Detroit public schools were Caucasian and about 50% were

Negro (14 ). It indicated that these pupils resided in school

districts where most of the children were primarily Caucasian,

primarily Negro, or there might be a mixture of the two groups in

which one racial group tended to be numerically predominant. It

was intended that the sample should reprepent this distribution.

Therefore each school was classified according to one of the

following catagories:
1) pupil population is 90% Caucasian

2) pupil population is 90% Negro

3) pupil population is mixed with Caucasian pupils predominant

4) pupil population is mixed with Negro pupils predominant.

Each elementary school was assigned a number and approximatly ten

schools were identified by choosing numbers from a table of random

numbers for each of the four categories mentioned above.

Starting with the first school selected in each of the above

categories, the researcher met with the principal and science

teacher in a conference to explain the purposes of the study and

the Obligations of the science teacher as well as the obligations

of the researcher. The pupils in the classes of the science

teacher were used as subjects for the study if the following con-

ditions were met: 1) the science teacher was willing to partici-

pate in the study, 2) the principal and the science supervisor

considered the teacher to be competent to teach science. If one

of these conditions was not satisfied, the next school on the list

was chosen and the principal and science teacher was contacted in

a similar fashion.
14
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The same random sampling procedure was followed in selecting
schools and cooperating teachers in Detroit for each of the four
categories of racially distributed pupil populations. It is
important to note that after the purposes, procedures, and respon-
sibilities were explained to the teacher, each teacher was free
to accept or reject participation in the study. As a matter of
fact all the teachers in the Detroit schools agreed to participate
in the study after it was explained to them. In one situation,
the teacher agreed to participate in the study but was transferred
to another school in September, 1965. Therefore, there was not
a representative school from category four, i.e., schools having
mixed pupil population with Negro pupils predominant.

Figure 1 illustrates racial composition of the Detroit Public
Schools in February, 1961, and large rings indicate the Detroit
Schools which participated in the study. Since there were nine
districts in the Detroit public schools, the sampling fraction
with respect to districts was 5/9. The sampling fraction for schools
having 90% Caucasian students was 2/94. The sampling fraction
for Detroit schools having 90% Negro students was 2/66. The
sampling fraction for Detroit schools having mixed Caucasian and
Negro student population was 1/35.

B. Selection of Sample from Suburbs. As Metropolitan Detroit
was defined in this study, there were 18 suburban school districts.
The relative sizes and locations of these suburban school districts
are shown in Figure 2. The writer was not able to collect infor-
mation regarding racial distribution in thele districts. However,
it was presumed that the pupils were primarily Caucasian.

The number of pupils in each district varied from 2240 pupils
in one district to 21,710 pupils in another district (48 ). The
sampling plan was structured to permit those districts with large
school populations to have an increased probability of selection
over schools with a small pupil population. Each of the school
districts was assigned a two-digit number from 1 to 18. Every
school district with 5000 or more pupils received one extra two-
digit number which was equal to or less than 36. For 10,000 pupils,
two extra two-digit numbers were assigned. For 15,000 pupils,
three extra two-digit numbers were assigned. For 20,000 pupils,
four extra two-digit numbers were assigned. Since Dearborn was
the largest suburban school district in the population, it had a
total of five chances in 36 to be selected. Harper Woods with
2240 pupils had one chance in 36 to be selected.

A table of random numbers was used to select one school dis-

trict. The Lincoln Park School District was selected and the
Southfield Public School District was selected. These two districts
represented the suburban school districts in Metropolitan Detroit.

16



Figure Z LOCATIONS OF PUBLIC SCHOOL DISTRICTS

IN METROPOLITAN DETROIT

Legend:
A. Detroit
B. Highland Park
C. Hamtramck
D. Dearborn
E. Dearborn Heights

F. Redford

* Schools participating in

G. Southfield
H. Oak Park
I. Royal Oak
J. Ferndale
K. Hazel Park
L. Warren

M. East Detroit
N. Harper Woods
O. Grosse Pointe
P. River Rouge
Q. Ecorse
R. Lincoln Park
S. Melvindale

study are indicated by numerals

17



Following the pattern used to select the Detroit sample, a similar
procedure was followed in explaining the project to the superinten-
dent, curriculum coordinator, principals and teachers in each sub-

urban district. If the district administrator, principal, and teachers

were interested in participating in the project, then two schools

were selected from the district by a table of random numbers. Fourth,

fifth, and sixth grade pupils in those schools were used in the
study if the following conditions were met: 1) the teachers were
willing to participate in the study, 2) the principal considered
the teachers to be competent to teach science. If one of these
conditions was not met, another school was to be selected at random.
Two schools were selected in Lincoln Park to participate in the
study, but personnel changes were made in September, 1965, which
made it impossible for teachers in one of the Lincoln Park schools

to participate in the study. Two of the Southfield public schools
participated in the study.

Figure 2 indicates the suburban schools which participated in

the study. The sampling fraction for the suburban school districts
was 2/18. In the two school districts there were 28 schools.
Therefore the sampling fraction of schools within the two districts
was 3/28. The sampling fraction for schools in the suburban por-
tion of Metropolitan Detroit was 3/172.

C. Removal of Sub ects f rom Study. The sampling plan provided
that pupils might be removed from the sample for reasonable cause.
If a pupil missed more than three class periods of instruction,
then his test scores for that unit of instruction were not included
in the analysis of the data collected for the study. It was felt

that the pupil may not have had a fair opportunity to study and
understand the content of instruction. A biased measurement for
those pupils would merely introduce additional error variance into
the analysis of the data.

If a pupil was known by the reacher to have handicaps of hear-
ing, sight, or serious emotional problems which would handicap the
child in participating in the units of instruction, then that
pupil's test scores were not included in the analysis of the data.
In no case was a child removed from a classroom. It was the re-

searcher's practice to score the handicapped pupil's answer sheet
like any other child's answer sheet and return the scores to the
teacher. However, the pupil's scores were not included in the

analysis of the test data.

2. Units of Instruction

A. Selection of Generalizations. A sequence of generaliza-
tions for electricity, heat energy, and simple machines was identi-
fied. An examination of the literature of science education was

18



made in order to select generalisations which ranged from those con-

sidered to be appropriate for pupils in elementary school to those

ieneralizations considered appropriate for students attending junior

high school. Several textbooks served as the primary source for

these statements (4,7,23,36,55,5457). The fact that a statement was

included in one of these major science textbooks provided an initial

piece of evidence to support the validity and significance of the

statement for inclusion in the unit of instruction.

Next, the researcher examined two college physics textbooks

(25,93), to determine if each statement was explicitly stated or

clearly implied in the college textbook. Presence of the statement

in either college textbook was considered to constitute another

piece of evidence to support the validity and significance of the

statement.

The statements of these generalizations were presented to a

university physicist, a science supervisor, and a science teacher.

The consultants were asked to accept or reject these statements as

valid and significant statements of ideas in physics. The statement

of instructions to these consultants is presented in Appendix F.

After the consultants had reviewed the statements, the researcher

met with each one in a personal conference to clarify his under-

standing of the consultants' remarks. The researcher must accept

full responsibility for any inaccuracies which might appear in

any statement of generalizations or other parts of this study.

In order for a generalization to be included in the instructional

plan, it had to satisfy all three of the following conditions:

1) Generalization was explicitly stated in one or more text-

books intended for pupils in elementary school or junior high school.

2) Generalization was explicitly stated or directly implied in

the college physics book by White (93 ) or the college physics book

by Gamow and Cleveland (25 ).

3) Generalization was judged to be valid and significant generali-

zation by at least two of the following consultants: university

physicist, science supervisor, science teacher.

B. Plan of Instruction. A unit of instruction was organized

for each of the topics included in this study, e.g., simple machines,

electrical energy, heat energy. It required approximately 18 to

20 class periods of instruction. A copy of each unit of instruc-

tion is shown in Appendix I of this report. The units provided that

three tO five generalizations would be taught during each instruc-

tional period of approximatly 45 minutes duration. The unit plan

provided for introduction of new words, a textbook to be read

silently and aloud in class, questions to guide class discussions,

drawings for the chalkboard, and activities or demonstrations to

19
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illustrate the major ideas. A kit of apparatus was included for

each experimental teacher and the kit provided the necessary materials

to carry out each of the activities included in the unit plan. The

kit also included three filmstrips to be used for each unit of instru-

ction (See Appendix I).

During the 1964-1965 school year, the researcher taught a pilot

class of fifth grade pupils in order to check the value of the acti-

vities, apparatus, time limits, test questions, and other aspects of

the units of instruction. The insights gained from this pilot class

were used to modify the units of instruction used by teachers in the

experimental classes.

All teachers in the study met with the investigator in a per-

sonal conference for at least one hour or in workshops for two to

three hours to discuss the ideas and activities included in each

unit. All teachers agreed to use the unit plan as a guide to help

them organize and direct their instruction.

The following excerpt from the "Suggestions for Teaching Unit"

was included at the front of each unit plan. It provides an indica-

tion of the spirit or the intent of the unit of instruction:

1) Begin each day with a question, illustration, or activity

which will capture the interests of the pupils. Whenever possible,

utilize questions or objects brought to class by your pupils.

2) Elicit possible
explanations or answers from several pupils.

Don't tell answers immediatly. Ask a child to explain, illustrate

or give reasons for accepting or offering a particular answer.

3) Guided by your judgement and the teaching circumstances give

as many pupils as possible an opportunity to do the activities.

4) Use the science textbooks to expand their understanding of

the ideas introduced in class. The appropriate text material is

to be read silently and then aloud.

5) The concepts presented in column one of the unit plan are

intended for the teacher's guidance. They are not to be copied

by the children as something to memorize. It is hoped that the

pupils will begin to make similar generalizations as a result of

the activities, the discussions, and their reading. Encourage your

pupils to generalize; but also urge them to use the vocabulary and

expressions which are meaningful.

6) If circumstances permit, place apparatus in a science corner

where children may repeat the activities during their free time.

7) The chalkboard
illustrations may be sketched on large news-

print paper or at the chalkboard.

8) Don't try to make your pupils "heat energy experts." Help

them to conclude their study with the feeling that they've learned

a great deal about heat energy. They've learned the explanations

for many things which they've previously taken for granted. How-

ever, there are still many things which they don't know about heat

20



energy. Help them to close the unit with an interest in continuing
the study of heat energy.

It is important to note that each teacher was free to carry out
the instruction according to his customary method of "teaching style",
and to use whatever materials he had available. In previous studies
conducted by the researcher, some teachers preferred to teach the
units by following a problem solving method and involving all child-
ren in the experimentation. Other teachers have preferred to have
one or two children demonstrate and lead class discussion. Other
teachers have chosen to do the demonstrations themselves and to
assume the major role of quesioning pupils. In the previous studies
there have been as many different methods of instruction as there
were teachers participating in the study. This was encouraged.
The unit plan provided the framework of common experiences for all
pupils. The kits of apparatus, filmstrips, texts, and other materials
were intended to provide a minimal supply of instructional materials

for all teachers.

3. "Self-Contained" Classroom Teachers and
Special Science Teachers

One form of class instruction included in Detroit schools was
the use of a special science teacher for pupils in the intermediate
grades. This teacher would meet with a class of pupils for a class
period 'of 35 to 50 minutes duration. The number of class meetings
varied from two to four class periods each week. Such a science
teacher would ordinarily meet five to eight classes each day. In
other words, the special science teacher would have responsibility
for science instruction for 250 to 300 children during a given week.

In the suburbs of Detroit, science instruction was conducted
in some classes by a "self-contained" classroom teacher. This per-
son would teach several subjects to elementary school pupils and
science was one of those subjects. This classroom teacher could
carry out instruction for 30 to 50 minutes each day or vary the
time and duration of presentation without serious interference with
the schedule of other classes in the school

In one group of sixth grade classes, the pupils were taught by
means of a "team teaching" arrangement. Under these circumstances
one teacher would assume major responsibility for instruction and
the two other sixth grade teachers would cooperate as it was appro-
priate. This arrangement permitted large group "lectures", which
would be followed by small groups of pupils working in a form of
laboratory activity. The instructional period for the large group
lecture-laboratory activities would last as long as two hours. In
their individual classrooms, the teachers would develop the reading
and/or discussion of questions raised in the large group.
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In one pair of sixth grade classes, a single teacher carried

out instruction for both classes. This kind of cooperative arrange-

ment between two classroom teachers is frequently found in elementary

schools.

4. Collection of Test Results

A. Construction of alt Achievement Tests. A multiple-choice

test was constructed to measure pupils' understanding of the ideas

in each unit before instruction, directly after the unit had been

concluded, and three to five months after instruction had ended.

One or more test items was written for most of the major generali-

zations included in the unit of instruction. Appendix A, B, and C

show listings of the major ideas presented in each unit and the cor-

responding item on the unit achievement test, A copy of each unit

test is included in Appendix J of this report.

It should be noted that each test item provided a modest indi-

cation of a pupil's understanding of the generalization for which

the test item had been written. The multiple-choice test item

attempted to determine whether or not a pupil had achieved a minimal

understanding of the corresponding generalization. In a sense, the

multiple-choice test question seeks to measure the pupil's under-

standing of the relationship between the question or stem of the test

item and the "conventional" or "stereotype" answer.

Although some researchers may have a low opinion of this mini-

mal level of "understanding", it is the writer's contention that an

understanding of the "conventions" and the "stereotypes" of a sub-

ject area provide the substance for refinement and an opportunity

for a more profound understanding of the subject matter. Moreover,

it is the writer's view that if a child cannot comprehend or retain

the rudimentary conventions or stereotypes of some topic, then it

is questionable that a comparable investment of time and energy

at that particular stage in the cognitive growth of the child will

enable him to acquire profound insights into the subject or demon-

strate exceptional skills in coping with salient problems in the

subject area.

In a related study, Smith (69 ) has suggested that if a pupil

understands a test question and the appropriate (conventional)

answer to that question, then that understanding may be asserted

as a proposition or test item generalization. The relationship

between the test item proposition and its corresponding generali-

zation is illustrated in Table 1.

It should be evident that there are many statements or proposi-

tions which may be subsumed under the generalization stated in Table 1.

If a pupil responds correctly (selects choice "a") to the test

question in Table l_then we may assert the corresponding teat item
22



Table 1 RELATION OF TEST ITEM TO GENERALIZATION

INCLUDED IN UNIT OF INSTRUCTION

1. Generalization: Work is done when a force moves an object through

some distance.

2. Test Question: In which of the following examples is no work

done?
a. Pencil lays on desk.

b. Pencil is used to write on paper.

c. Pencil is thrown at wall.

d. Pencil falls off table.

3. alt_l_temge__t_ieraliza ion: If a pencil lays on a desk, then the

pencil is not doing work upon the desk.

generalization, and this accurate response provides merely one

slender piece of evidence that the pupil has some meaningful under-

standing of the generalization. Indeed, any test item is merely

one member of a very large set of questions which might have been

asked. A discussion of this relationship of the multiple-choice

question to the ideas included in the unit plans is expanded in the

Appendix G.

Before and after instruction of each unit, the test items were

administered to a pilot class and the pupils' responses were used as

the basis of an item analysis. Improvement of the response options

consisted essentially of identifying those distractors in a multiple-

choice question which were selected by 0 to 57. of the 35 pupils in

the pilot group. When these low level distractors were identified,

they were replaced by options judged by the researcher to be more

plausible distractors. However, the limitation of time prevented

the researcher from collecting empirical evidence to test his

judgement in making these revisions.

B. Enimates of Validity. The validity of the test items as

appropriate estimates of the generalizations included in the units

of instruction was established upon the judgements of the three

consultants to the project, i.e., a university physicist, a science

supervisor, and a science teacher. Their judgement enabled the

researcher to establish the content or face validity of the unit

achievement tests.

Each test item was written directly underneath the generaliza-

tion to which it corresponded. The listing of generalizations and

test items was sent to each consultant with the request that he

check each test item for the following considerations: 1) In your

judgement does the test item prol'ide an acceptable estimate of
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pupils' understanding of its corresponding generalization? 2) Are

the possible answers
acceptable and do you agree with the selection

of the "preferred" answer for each question?

The researcher met with the consultants to discuss the test items

or their written comments were used to revise or elimtnate test items.

However, the researcher must assume the responsibility for any errors

or irappropriate questions or responses in any of the unit achieve-

ment tests.

In attempting to establish concurrent validity of the unit

achievement tests, the researcher was concerned with the major skills

required by those tests. It was apparent that the test questions

and their responses relied strongly upon success in processing infor-

mation via verbal symbols. That is, the unit tests favored those

persons who were proficient in expressing their ideas or receiving

ideas via written symbols or spoken symbols. It would not provide

opportunity for pupils skilled in handicraft or proficient in expres-

sing theit ideas with tangible objects or materials. Therefore, it

was inferred that pupils who did well on the unit achievement tests

would also do well in tests of reading comprehension and measures

of verbal intelligence.

In addition, pupils' success on the unit achievement tests

would presumably be reflected in a similar level of success on a

science achievement test which also relied predominantly upon

written symbols. The Stanford Intermediate and Advanced Science

Achievement Test provided an estimate of pupils' background of

information about science topics and it relied strongly upon the

use of reading proficiency on the part of the pupil taking the test.

The correlations between the unit achievement tests and the

Stanford Reading Comprehension Test (34 ), the Lorge-Thorndike Ver-

bal Intelligence Test (44 ), and the Stanford Intermediate and

Advanced Science Achievement Test (33 ) are shown in Table17. As

expected, there was a high, positive correlation between success

on the unit achievement tests and success on these standardized

measures of verbal intelligence and achievement in reading compre-

hension and science background. This high relationship provided

supporting evidence of the concurrent validity of the unit achieve-

ment tests.

C. Administering Unit Achievement Tests. When the unit tests

were administered to pupils participating in the study, the test

administrator read the test items aloud to the pupils taking the

test. The pupils also had a copy of the test at their desks and

separate answer sheets which they marked to indicate their preferred

answer to a question. The test administrator read each question

and the possible answers aloud and waited about 15 to 20 seconds

for the pupils to mark their answer sheets. The pupils were
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encouraged not to guess wildly at answers. These instructions gave

the pupil the opportunity to indicate which questions he did not

understand and to indicate this on his answer sheet. In part, the

directions to the pupils stated:

"You are not expected to know all of the answers to these ques-

tions about (electricity). Don't feel bad if you don't know some

. of the correct answers. The purpose of this test is to find out

how much boys and girls in the elementary schools know about (elect-

ricity) (after) they have studied it in school. DO NOT GUESS WILDLY.

If you do not know the answer to a question, skip over that question

and go on to the next one.

You will not know all of the words in the test. I will read the

questions and possible answers with you. This is done to help you

with some of the hard words. Wait until the questions and answers

have been read thk.et select the correct answer if you know it. If

you do not know the correct answer you may darken the space under

answer number five (for that question to indicate that you realize

that you do not know the answer to that question)."

The tests were administered by research assistants, while the

classroom teacher was not present in the room. The teachers did

not see the test questions before or after instruction. Moreover,

they had agreed not to discuss the test questions or possible answers

with their pupils at any time during the study. A copy of the

schedule for administering the tests is shown in Appendix J.

There are two occasions when the classroom teacher did adminis-

ter a unit achievement test. In the first instance, the teacher

in School #5 administered the Heat Retention:Test to his pupils in

November, 1966, because the researcher was unable to have a research

assistant at the school at the time when the pupils were ready to be

tested.

The second exception occurred in the administration of the

Heat Retention Test to pupils in the sixth grade in suburban

School #7. These pupils had been promoted to a junior high school

after all instruction had ended. At the request of the science

department chairman, the science teachers in the junior high school

administered the Heat Retention Test to these pupils rather than

the project's research assistant. This was a matter of administra-

tive convenience for the teachers in the junior high school

A mnemonic device was used to identify each unit achievement

test and to indicate when it was administered to pupils in the

sample. The letters (M,E,H) correspond to the tests for machines,

electricity, and heat. A number after each letter indicated

whether the test was administered before instruction (M1, El, H1),

directly after instruction had ended (M2, E2, H2), or as a reten-

tion test (M3, E3, H3) conducted
25
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instruction had concluded.

D. Scorinj Pupils' Answer Sheets. Each pupil had responded to

the test questions by marking a separate answer sheet. This sheet

was examined by research assistants to identify improper markings

or other random errors which might have occurred. In those situa-

tions where two responses were given to the same question, the pupil's

answer was not counted for that question. In those rare situations

where a pupil had been unable to participate in the test situation,

the pupil's answer sheet was discarded foam the study. It was assumed

that a pupil's inability to respond to the test question indicated

clearly that whatever score or set of scores might be attained for

that pupil, they would not provide a fair or reasonably accurate

indication of his understanding of the topic being tested.

For example, since each question was read aloud to the pupils

and they were to respond to the question while the test adminis-

trator waited for them to respond, a large number of blank spaces

at the beginning or the end of a test answer sheet would indicate

that the pupil was uncertain or unable to participate in the test

situation. Other reasons for discarding an answer sheet from the

analysis of data would include situations in which the pupil did

not put his name onto the answer sheet, the pupil caused disruptive

behavior in the classroom during testing, the pupil was unable to

keep up with the rest of the class in taking the test, or the

pupil had to leave the 4lassroom before the test was completed.

The incidence of these events of removing answer sheets from the

test population was less than one-half of one per cent of the

pupils tested at any single test period.

The pupils' answer sheets were scanned visually by a research

assistant for possible errors and the research assistant assigned

an identification number as well as a group number to each pupil.

The answer sheets were optically scanned, scored, and an IBM card

was punched for each answer sheet. During this scoring by machine,

the operator checked each response on the first sheet and last sheet

of the etire group of answer sheets to check for faulty machine

operation. Random checks of pupils' answer sheets and IBM cards

were made by research assistants for approximatly one per cent of

the entire group of tests. The IBM card became the input medium

for the cmputer programs to score and analyze data for each, test.

E. Double Precision Scoring. In previous research, the inves-

tigator ( 74) had conducted item analysts of pupils' responses to

test items about light energy. He had argued that the per cent

correct responses to a test item provided a probability estimate of

a pupil's understanding of the corresponding generalization. The

improvement in the itzformation processing capability of the Wayne

State University computer has persuaded the researcher to extend
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the item analyses of the unit achievement tests to indicate which

questions were answered correctly on the pre-test and on the post-

test as well as those answered correctly on the post-test end oh(

the retention test, which was administered three to five months

after instruction ended. This rather conservative requirement has

been labeled by the researcher "double precision scoring". An

argument in defense of this scoring and item analysis procedure is

presented in Appendix G.

In order for a pupil to be credited with a correct response

under "double precision" scoring for the pre-test, he must choose

the same correct response on the pre-test (M1, El, H1) and the

same correct response to the same test item on the post-test (M2,

E2, H2). This indicated that the pupil understood the question

and the correct answer before instruction and retained that under-

standing after instruction had ended. It is estimated that the

liklihood of guessing this identical response purely on the basis

of chance is approximately 1/16. An argument in favor of this

interpretation has been presented in Appendix G.

In order for a pupil to be credited with a correct response

under "double precision" scoring for the post-test, he must choose

the correct response on the post-test (M2, E2, H2) and the same

correct response to the same test item on the retention test (M3,

H3, E3) administered three to five months after instruction had

concluded. A correct response under these conditions indicated that

the pupil understood the question and the correct answer and he

retained this understanding for at least three months. The likli-

hood of a pupil guessing the identical answer to the same question

is also estimated to be about 1/16.

Another mnemonic device was used to indicate"double precision"

scoring. The double precision pre-test scores for machines, elect-

ricity, and heat have been indicated by the expression (M12, E12,

H12). The double precision post-test scores have been indicated by

the expressions (M23, E23, H23).

It is interesting to note that this procedure of "double preci-

sion" scoring was not mentioned in the original proposal for this

project. The computer facilities which this type of scoring required

were not available to the researcher at the time the proposal was

initiated. Indeed, the researcher had not conceived of this pro-

cedure of scoring when he undertook the study. In other words,

the technique for "double precision" scoring was a product of the

research undertaken in this project and is considered by the

researcher to be an important artifact of the project.

F. Estimating Reliability of Unit, Achievement Test. As

Guilford (27) has indicated, the formulas which are used to

compute reliability of tests depend upon the variance among the
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test items. When there is a large number of test items which are

not close to the optimum discriminating level of 50%, then the

standard reliability formulas are inappropriate.

Figure 3 indicates the per cent correct responses for grade 6

pupils to the (M23) test. Similar patterns of responses were found

for the other grade levels and for the other unit achievement tests.

It is apparent from Figure 3 that the proportions for these unit

achievement tests extended from 4% to 82% correct responses. There-

fore, the conventional procedures for computing test reliability

seemed inappropriate for the unit achievement tests.

The researcher elected to use the information processing power

of the computer to simulate predictions of pupils' correct responses

and to compare those predicted responses with the pupils' actual

responses. This procedure is a form of the Monte Carlo Method

described by McCracken (46 ) and by Kershner (39 ). However, as

far as the writer can determine, it has not previously been applied

to estimating test reliability. It must also be considered an

important artifact of the project.

The procedure started with the selection of three pupils at

random from each fourth grade class of pupils who had taken the pre-

test for simple machines (M12). This was about 40 pupils. The

per cent correct responses for this entire grade group had previously

been computed for each'item on the (M12) test. The researcher wrote

a computer program which would do the following tasks: 1) compute

a random number (r) between 07. and 997., 2) compare the random number

with the proportions of pupils (p) responding correctly to the first

test item, 3) if par, estimate that the pupil responded correctly.

If p<r, then estimate that the pupil responded incorrectly, 4) re-

peat step number 3 for each of the fifty items on the teat to which

the pupils responded, 5) determine the number of accurate guesses

for each pupil, 6) compute the per cent of accurate guesses thet

were made by the Monte Carlo procedure, 7) repeat the same procedure

for the entire sample of pupils. Appendix G includes a simplified

flowchart which illustrates this Monte Carlo simulation of test

reliability.

Since there were 50 responses made by each pupil in the sample

of 40 pupils on the (M12) test, the sample made a total of 2000

responses. For each pupil, it was possible to compute the per cent

accurate guesses made by the Monte Carlo procedure. The per cent

of correct guesses was selected as the best estimate of the accuracy

of the (M12) test for predicting success of other fourth grade

pupils in responding to the (M12).test.

This per cent of correct predictions (P), was used as a coeffi-

cient of determination (d) which was described by Guilford (27 ).
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It was used in the following expressions:

(coefficient of determination ):::(correlation coefficient)2

d: r2
P

P= r2
Nrimr

to provide a correlation coefficient to estimate the reliability of

the (M12) test when it was used with other samples of fourth grade

pupils in the population. A similar procedure was followed to com-

pute the reliability coefficients for fifth and sixth grade pupils

as well as the reliability coefficients for random samples of fourth,

fifth, and sixth grade pupils for each of the unit achievement

tests. These reliability coefficients for,single precision scoring

(M1, M2, M3,...H1, H2, H3) and for double precision scoring (M12, M23,

...H12, H23) are shown in Table 2.

G. Standardized Tests and Other Measures. The following stan-

dardized tests were used to obtain estimates of the verbal

gem', reading proficiency, and background of science information

of the pupils: Lorge-Thorndike Verbal Intelligence Test (level 3),

Stanford Paragraph Meaning Test (form JM), and Stanford Intermediate

and Advanced Science Achievement Test (form JM).

One of the indicators of socio-economic status was occupation

of the chief wage earner in each pupil's family. Each pupil was

asked to identify the occupation of the father and the mother if

she was employed. This occupational label was compared with the

U.S. Office of Labor Classification Guide (19 ) in order to classify

the occupation of the parents as one of the following categories:

professional, managerial, sales, service, skilled, semi -skilled,

unskilled, parents' occupation unknown. Bar graphs in Appendix E

show distributions of the occupational status of the chief wage

earners in the families of pupils in the cooperating schools.

Additional information regarding the socio-economic background

of each class or school population was provided by bulletins from

the Promotion and Research Department of the Detroit News (61 ) and

the United Community Services of Metropolitin Detroit (78 ). These

reports included 1962 estimates and 1960 census data with maps

indicating population growth, home ownership, and income in the

Detroit Standard Metropolitan Statistical Area in the three counties

of Mitcham, Oakland, and Wayne. This information indicated the median

family income, median home value, per cent homes owned, and rent

rate for homes in the community served by each of the schools in

the study.

Table 3 summarizes some of these socio-economic characteristics.

The last column identifies the overall socio-economic rating.for the

community served by each school. It indicates that the low
30
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sotto economic category included pupils in schools #1 and #5. These

were schools having predominatly Negro pupil populations.

The middle socio-economic classification included pupils from

three Detroit Schools (#2, #3, #4) and one suburban school (#6).

The high socio-economic category included pupils from two

suburban schoola (#7, #8).

H. Graphical Miami' of Test Rate, Each of the classes partici-

pating in the study was examined for each of the test variables to

determine if the distribution of the double precision test scores

was normal or skewed. For each test variable, the cumulative fre-

quency was tabulated for each class and the cumulative per cent was

determined. This cumulative per cent was used to plot a line on

a normal probability paper. If the point fell along a straight

line drawn by the researcher, then the class' distribution of

scores for that variable was considered to be normal. This is

illustrated in Figure 4. If the distribution did not fall along

a straight line, then the cumulative per cent was plotted on a

skewed probability paper following the skewed distribution developed

by Dumbel ( 26) and the special probability paper suggested by

Powell ( 62). This is illustrated in Figure 5.

In the case of group scores which clearly conformed to a nor-

mal distribution, it was possible to use this straight line to indi-

cate the mean or median, standard deviation, and average rate of

change. This is illustrated in Figure 4. In those situations where

the distribution was skewed, it was possible to estimate the median

value and the average rate of change for the distribution as shown

in Figute 5. It seemed to the researcher that this graphical pro-

cedure had certain advantages over the exclusive use of numerical

methods e.g., least squares, analysis of variance.

The average rate of change indicated the average variation

which was'made for different proportions of each class. It was pos-

sible to compare the slopes of different classes or school populations

and to tote the displacement of the curve of different groups on

the same test variable. It was possible to compare slopes and dis-

placements of the lines for different tests which were taken by

the same group of pupils. In other words, the graphical procedure

provided additional information which may have been obscured by

simply calculating the standard statistical parameters and conduct-

ing the standard tests for significant differences or dignificant

correlations among the variables.

Appendix H contains an additional discussion of the graphical

analysis which was conducted to examine changes in distribution

of scores from pre-test to post-test and to examine changes in the

median value and the slopes of curves in which the normal distri-

bution provided a good fit for the pre-test scores or the post-test
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scores.

I. Statistical Analysis of the pal. Significant differences

among groups were identified by means of analysis of variance. These

calculations were completed with the assistance of the TSAR library

of sub-routines, Wayne State University Computing Center (85 ).

Essentially the analysis of variance sub-routines were based upon

models described by Lindquist (41 ).

Bartlett's formula (41 ) was used to test for homogeneity of

variances among classes at each grade level for each double precision

scored unit achievement test. The numerical value computed by Bart-

lett's procedure was compared with the approptiate chi-square value

in order to test the null hypothesis at the rt level of confidence.

Pearson product moment correlation analysis was used to identify

correlations among the variables included in the study. The TSAR

sub-routines were also used for the correlations analysis. These

sub-routines were based upon models reported by Walker and Lev (89 ).

Appendix H indicates the statistical formulas used in computing

the analysis of variance and the correlation coefficients.

J. ,Item Analysis of Alit Achievement Tests. An item analysis

of each unit achievement test was conducted using the double precision

scores for all pupils in the study. The first item, analysis was

conducted for all pupils according to their official grade assign-

ment, i.e., grade four, grade five, grade six. All pupils were

classified according to that official school grade assignment. An

item analysis of each unit achievement test provided an estimate of

the success of those pupils in responding correctly to each test

item on the unit achievement test before instruction (M12, E12, H12)

as well as another estimate of their success in responding correctly

to the test item after instruction (M23, E23, H23). This information

provided a baSis for inferring that the corresponding science generali-

zation would be understood by the pupils in that particular grade

level.

Tables showing the probable success of a pupil in each grade

level understanding each generalization and its corresponding test

item generalization are included in Appendices A, B, C for the

respective topics of simple machines, electricity, and heat.

It was inferred that a more precise estimate of probable success

for any pupil could be obtained by utilizing other information

about the phpils, e.g., background of science information, reading

level, verbal intelligence, socio-economic level. It was assumed

that many schools would have this information available and could

profitably use this refined information.
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The same item analysis was conducted for all pupils who had

completed the Stamford Intermediate and Advanced Achievement Test.

The publisher's norms were used to classify all pupils in the study

into quartile 1 or below (low 25%), between quartile 1 and quartile

3 (middle 50%), and those above quartile 3 (top 257.). An item ana-

lysis of the same double precision test scores for each unit achieve-

ment test provided estimates of the probable success of pupils in

each grade group and either low, middle, or high categories of

science achievement to understand each of the test item generaliza-

tions. These estimates are also shown in the tables in Appendices

A, B, C.

Similar item analyses were conducted for the low 25%, the middle

50%, and the high 257. of the pupils in the study according to the

reading comprehension norms of the test publisher° A third item

analysis was conducted for the low 257., the middle 507., and the high

257. using the verbal intelligence test norms of the publisher.

The socio-economic category specified in Table 4 Wen used to

classify all pupils in the sample according to low, middle, and high

socio- economic level. A fifth item analysis was conducted to pro-

duce probability estimates of the success of the pupils in the low,

middle, and high socio-economic communities in grades 4, 5, and 6 to

understand each test item generalization.

The estimates which utilized measures of pupils' reading com-

prehension, verbal intelligence, and socio-economic level have also

been reported in the tables in Appendices A, B, C.

It was possible to estimate the levels of confidence which one

could place in each of the proportions listed in Appendices A, B,

C, by using the graph provided by Tate and Clelland ( 83).and reported

with their permission in Appendix D. Since each appendix indicated

the number of pupils used in calculating each proportion, the Tate

and Clelland figure may be used to estimate the probable error of

each proportion and the reader may be 907. confident in the accuracy of

that estimate. It should be noted that these estimates apply to

other members of the population defined for this study.
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III. RESULTS OF STUDY

1. Analysis of Variance for Unit Achievement Test

. A. Results for Grade Four. Tables 4,5,6 provide summary

statements of the results of the anAlysis of variance conducted

for grade four classes. Additional details may be found in Ap-

pendix H.

1. Machines Pre-Test (M12) - There were no significant

differences among the variances of the classes in the Grade 4 por-

tion of the sample, as indicated by Bartlett's Test. F Test did

not indicate significant differences among the fourth grade classes.

Class #9 scored highest on the preliminary test and class #19

scored lowest.

2. Machines Post-Test (M23) - The Bartlett's Test revealed no

significant differences among the variances of the fourth grade

classes. When T Tests were conducted between pairs of classes,

the significant differences at the rx level of confidence were

attributed to differences between low- scoring classes -( #10,19,

20,23) and the high-scoring classes (#9,24,38).

It is interesting to note that classes #9 and #10 began in-

struction without significant differences between them and both

classes received instruction from the same science specialist in

the school #2 for equivalent amounts of time. However, they con-

cluded their study of simple machines by making scores which were

significantly different.

3. Electricity Pre-Test (E12) - The Bartlett's Test indi-

cated that there were significant differences among the fourth

grade classes at trie 17. level of confidence. An F Test was made

bbtween the low-scoring classes ( #19,20,24) and the high-scoring

classes (#9,10,38).

Classes #19 and #20 entered instruction for electricity

with low scores which suggested weak preparation in comparison

to the other classes in the sample. These two classes had scored

significantly lower than the other fourth grade classes on the

(1423) test and these pupils were from low socio-economic communi-

tess. Or! the other hand, class #24 was located in a middle socio-

economic community and it also scored low.

4. Electricity Post-Test (E23) - The Bartlett's Test indi-

cated that there was a significant difference among the variances

of classes in the fourth grade group. F Tests were donducted

between the pairs of classes and indicated that the significant

differences could be attributed to the low-scoring classes (#19,
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Table 4 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR MACHINES
PRE-TEST (M12) AND POST-TEST (M23) FOR GRADE 4 PUPILS

Main

List

of

Classes

Main

List

of

Bartlett's Test--Not Significant for (M12), Significant for (M23)

F Teat -- Significant for (M12)arSignificant for (M23)

Legend: "H" indicates class on vertical axis scored significantly

Classes

higher than comparison class listed on horizontal axis. "L" indi-

cates

not significantly different than class listed on horizontal

axis. The table indicates that class 9 scored significantly higher

than class 10 on the (M23) test.

class on vertical axis scored significantly lower than com-

parison class listed on horizontal axis. "NS" indicates that class

39

Comparison List of Classes

9

10

19

20

23

24

10 19 20 23 24 38

NS NS NS NS NS NS

NS NS NS NS NS

NS NS NS NS

NS NS NS

NS NS

NS

9 H H H H NS NS

10 NS NS NS NS L

19 NS NS NS NS

20 NS L L

23 NS NS

NS24



Table 5 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR ELECTRICITY
PRE-TEST (E12) AND POST-TEST (E23) FOR GRADE 4 PUPILS

tE121
9

Main 10

List 19

of 20

Classes 23

24

(E23)

9

Main 10

List 19

of 20

Classes 23

24

Comparison List of Classes
10 19 20 23 24 38

NS H H NS H NS

NS NS NS NS NS

NS NS NS L

NS NS NS

NS NS

NS H H H H H

H H NS NS NS

NS NS NS L

NS NS NS

NS NS

NS

Bartlett's Test--Significant for (E12) and for (E23)
F Test--Significant for (E12) and for (E23)

Legend: "H" indicates class onivertical axis scored significantly
higher than comparison class listed on horizontal axis. "L" indi-
cates class on vertical axis scored significantly lower than com-
parison class listed on horizontal axis. "NS" indicates that class
was not significantly different than class listed on horizontal
axis. The table indicates that class 9 scored significantly higher
than class 20 on the (E12) test.
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Table 6 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR HEAT PRE-
TEST (H12) AND POST-TEST (H23) FOR GRADE 4 PUPILS

Comparison List of Classes

(H12),

9

10 19 20 23 24 38

NS H H NS NS NS

Main 10 H H NS NS NS

List 19 NS NS NS NS

of 20 NS NS NS

Classes 23 NS NS

24 NS

(H23)

9 H H H NS H NS

Main 10 H H NS NS NS

List 19 NS L L L

of 20 L NS L

Classes 23 NS NS

24 NS

Bartlett's Test--Not Significant on (H23), Significant on (H'2)
F Test -- Significant on (H12) and on (H23)

Legend: "H" indicates class on vertical axis scored significantly
higher than comparison class listed on horizontal axis. "L" indi-
cates class on vertical axis scored significantly lower than com-
parison class listed on horizontal axis. "NS" indicates that class
was not significantly different than class listed on horizontal
axis. Class 9 scored significantly higher than class 10 on the
(H23) test.
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20) and the high-scoring classes (#9,10,38).

It should be noted that classes #19 and #20 were significantly

low at the start of instruction as indicated by their scores on

the (E12) test, and they did not make significant improvements

after instruction had concluded. They continued to remain signifi-

cantly below other fourth grade classes. Moreover, class #19 did

not make substantial improvement from the pre-test to the post-

test for the identical pupils in that class.

Graphical analysis of the (E23) test supported the impression

stated in the preceding paragraph. This analysis indicated that

the median scores and the slopes of graphs for the two classes did

not change appreciably for either class. In contrast, class #24

improved to a relative standing so that it was not significantly

lower than any other grade four class, except class #9 which scored

substantially higher than all other grade four classes

5. Heat Pre-Test (1112) - The Bartlett's Test revealed signif i-

cant differences among the pupils' scores on the (H12) test. F Tests

indicated that these differences could be attributed to the low

scores made by classes ( #19,20) as compared to the high-scoring

classes (#9,10).

6. Heat Post-Test 023) - The Bartlett's Test did not reveal

significant differences among the variances for the (H23) test.

F Tests revealed significant differences at the rx level of confi-

dence. T Tests indicated that these differences were attributed

to the low scores made by classes (#19,20). Once again, class #9

distinguished itself by scoring significantly higher than class

#19 and #20, as well as classes #10 and #24.

B. Results for Grade Five Classes. Tables 7,8,9 provide sum-

mary statements of the results of the analysis of variance conducted

for grade five classes. Additional details may be found in Appen-

dix H.

1. Machines Pre-Test (412).- The Bartlett's Test Indicated that

the variances among the classes in grade five were not homogeneous.

F Tests indicated that the differences could be attributed to the

low- scoring classes (#1,21), and the high-scoring classes (#2,11,

12,26,32,39).

2. Machines Post-Test (M23) - The Bartlett's Test did not indi-

cate significant differences in the variances of the fifth grade

groups on the (M23) test. F Tests indicated that there were sig-

nificant differences and subsequent T Tests showed that the differ-

ences could be attributed to low scores made by classes (#2,16,21),

while significantly higher scores were made by classes (#`12,15,32,

39). It is interesting to note that class #21 began instruction
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Table 7 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR MACHINES

PRE-TEST (M12) AND POST-TEST (M23) FOR GRADE 5 PUPILS

Lain
0
: 2
O 6
.-4 11

444
12

215
X16
21

25

g 26
32
33

34

.012.11
2

6

11

12

4',4, 15

4., 16
21

25

ag 26

M 32
33
34

Comparison List of Classes

2 6 11 12 15 16 21 25 26 32 33 34 39

L NS L L NS NS NS NS L L NS NS L

NS NS NS NS NS NS NS NS NS NS NS NS

NS NS NS NS NS NS NS NS NS NS NS

NS NS NS NS NS NS NS NS NS NS

NS NS H NS NS NS NS NS NS

NS NS NS NS NS NS NS NS

NS NS NS NS NS NS NS

NS NS L NS NS L

NS NS NS NS NS

NS NS NS NS
NS NS NS

NS NS
NS

NS NS NS NS NS NS NS NS L NS NS NS

NS NS NS NS NS NS NS NS NS NS NS

NS NS NS NS NS NS NS NS NS NS

NS H H NS NS NS NS NS NS

H NS NS NS NS NS NS NS

NS NS NS L NS NS L

NS NS L NS NS L

NS NS NS NS NS

NS NS NS NS

H NS NS
NS NS

NS

Bartlett's Test--Not Significant for (M23), Significant for (M12)

F Test -- Significant for (M12) and for (M23)

Legned: "H" indicates class on vertical axis scored significantly

higher than comparison class listed on horizontal axis. "LP indi-

cates class on vertical axis.scored significantly lower than com-

parison class listed on horizontal axis. "NS" indicates that class

was not significantly different than class listed on horizontal

axis.
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Table 8 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR ELECTRICITY

PRE-TEST (E12) AND POST-TEST (E23) FOR GRADE 5 PUPILS

I %, m IN I I I I .1 =I, s n oh n 1 I .01

Comparison List of Classes

kE12) 6 11 12 15 16 21 25 26 32 33 34 39 55

NS NS NS L NS NS NS NS NS NS NS NS

: 6 NS NS NS NS 2 NS NS NS NS NS NS

11 NS NS NS H NS NS NS NS NS NS

44 12 NS NS N NS NS NS NS NS NS

15 H H NS NS NS NS H H

16 NS NS NS NS NS NS NS

21 L L L NF NS NS

4 25 NS NS NS NS NS

g 26 NS NS NS NS

32 NS NS NS

33
NS NS

34
NS

iE23)
2

: 6

"411
c.)

12

41S1 15

16

21

0 25
y,26

32
33
34
39

NS NS NS NS NS H NS NS NS NS NS L L

NS NS NS NS H NS NS NS NS NS NS NS

NS NS NS H NS NS NS NS NS NS NS

NS NS H NS NS NS NS NS H H

NS H NS NS NS NS NS H H

H NS NS NS NS NS. NS NS

L L L L L NS NS

NS NS NS NS NS NS

NS NS NB H H
NS NS H NS

NS NS NS
NS NS

NS

Bartlett's Test--Not Significant for (E12), Significant for (E23)

F Test -- Significant for (E12) and Significant for (E23)

Legend: "H" indicates class on vertical axis scored significantly

higher than comparison class listed on horizontal axis. "L" indi-

cates class on vertical axis scored significantly lower than com-

parison class listed on horizontal axis. "NS" indicates that class

was not significantly different than class listed on horizontal

axis.
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Table 9 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR HEAT PRE-
TEST (H12) AND POST-TEST (H23) FOR GRADE 5 PUPILS

Comparison List of Classes

(.H12) 6 11 12 15 16 21 25 26 32

: 2 NS NS L NS NS NS NS

r40 6 NS NS NS NS NS NS
0 11 NS NS NS NS NS

Ig 12 NS H H NS

4, 15 NS NS NS

414
.1 16 NS NS
A 21 NS
0it! 25

A 26
32
33
34

L
NS
NS
NS
NS
L

NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

33 34 39
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS
NS NS NS

NS NS
NS

(M22)
e; 2 NS NS L NS NS NS NS L L NS NS NS
: 6 NS NS NS H H NS NS NS NS NS NS

U
r4 11 NS NS NS NS NS NS NS NS NS NS

te4 12 NS H H NS NS NS NS NS NS
o 15 NS NS NS NS NS NS NS NS

a
4.J

16 NS NS L L L NS L

A...I 21 NS L L NS NS NS

O 25 NS NS NS NS NS

erg4

26 NS NS NS NS

32 NS NS NS

33 NS NS

34 NS

Bartlett's Test--Not Significant for (H12) or for (H23)
F Test--Significant for (H12) or for (H23)

Legend: "H" indicates class on vertical axis scored significantly
higher than comparison class listed on horizontal axis. "L" indi-
cates class on vertical axis scored significantly lower than com-
parison class listed on horizontal axis. "NS" indicates that class
was not significantly different than class listed on horizontal
axis.
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tith significantly low scores and concluded instruction with signi-

ficantly low scores. It is also interesting to note that classes

#12, 32, and 39 started instruction with significantly high pre-

test scores, and concluded instruction with significantly higher

post-test scores than the other fifth grade classes.

Graphical analysis had indicated that there were positively

skewed distributions for classes (#32,34) and log-normal distri-

butions for classes ( #6,25,26). However these variations as revealed
by the graphical analysis did not result in a rejection of the null

hypothesis by the Bartlett's Test. Moreover, the positively skewed
distributions for class #32 placed it significantly higher than

other classes in the fifth grade group.

3. Electricity Pre-Test (E12) - The Bartlett's Test did not

indicate that there was a significant difference in the variances

of the fifth grade classes on this test. An F Test indicated sig-

nificant differences among the classes, and subsequent T Tests

identified significant differences between low-scoring classes

( #2,21) and high-scoring classes ( #6,11,12,15,26,32).

Graphical analysis had identified positively skewed distri-

butions for classes ( #12,26,33,34), but the skewed distributions

did not cause these classes to be significantly lower than any of

the other fifth grade classes on the (E12) test. On the contrary,

classes #12 and #6 were significantly higher than some of the

other grade five classes on the (E12) test.

4. Electricity Post-Test (E23) - The Bartlett's Test indicated

that there was a significant difference among the variances of the

classes in the grade five sample. F Tests were conducted between

the pairs of classes and indicated that the differences were pri-

marily due to low- scoring classes ( #2,21) and high scores made

by all other classes in the grade five sample. It is interesting

to note that the F Test indicated that even class #2 was signi-

ficantly different from class #21. It is also interesting to

note that classes #39 and #55 made slightly higher mean scores
than did class #2, but their variances were significantly dif-

ferent. Classes #12 and #15 made significantly higher mean

scores than class #39 and #55, and their variances were also

significantly different.

Classes (06,16,32,33) had graphs which indicated positively

skewed distirbutions of scores within these classes, but the

F Tests did not indicate that they were significantly lower than

most of the other fifth grade classes.
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5. Heat Pre-Test (H12) - The Bartlett's Test did not indicate

significant differences among classes in grade five on the (H12)

test. An F Test revealed significant differences among these

classes, and subsequent T Tests indicated that these differences

could be attributed to low-scoring classes (#2,16) versus high-

scoring classes (#12,26).

6. Heat Post-Test (H23) - The Bartlett's Test did not reveal

significant differences among the variances of the grade five

classes. An F Test did indicate significant differences among

those classes, and T Tests revealed that the differences were

attributable to the low scores made by classes (#2,16,21) versus

the high-scoting classes (#6,12,26,32,33,39).

Graphical analysis had indicated that the distribution of

the scores within classes #21 had, changed from log-normal to

positively skewed distributions. It also suggested that there

was no substantial improvement made by these pupils as indicated

by their median scores. However, some individuals within these

classes did make substantial improvements.

C. Results for Grade Six Classes. Tables 10,11,12 provide

summary statements of the results of the analysis of variance

conducted for grade six classes. Additional details may be

found in Appendix H.

1. Machines Pre-Test (M12) - The Bartlett's Test did not

indicate that the variances among the classes were significantly

different on the (M12) test. An F Test indicated that there

were significant differences among 'those classes, and subsequent

T Tests revealed that the significant differences could be attri-

buted to low-scoring classes (#3,4,13,14,17,22,35,36) and the

high-scoring classes (#7,8,28,40,41,58).

It is interesting to note that graphical analysis had indi-

cated that group #88 was positively skewed, but the combination

of F Test and T Test did not indicate that the skewed distri-

bution made class #88 significantly lower than any of the other

sixth grade classes. The skewed distribution merely indicated

that there was an accumulation of relatively low scores within

this particular class on the (M12) test.

2. Machines Post-Test (M23) - The Bartlett's Test did not

reveal significant differences among the sixth grade classes.

An F Test and subsequent T Tests did indicate significant dif-

ferences between low-scoring classes (#3,4) and the high-scor-

ing classes (#7,8,88,13,14,27,28,35,36,37,40,41,58).
it should
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Table 10 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR MACHINES

PRE-TEST (M12) AND POST-TEST (M23) FOR GRADE 6 PUPILS

Comparison List of Classes

(412) 4 7 8 88 13 14 17 18 22 27 28 35 36 37 40

3 NS NS L NS NS NS NS NS NS NS L NS NS NS NS

4 NS NS NS NS NS NS NS NS NS L NS NS NS NS

7 NS NS NS NS NS NS H NS NS NS NS NS NS

8 NS 'HHHNSHNS NS H H NS NS

88 NS NS NS NS NS NS NS NS NS NS NS

n 13 NS NS NS NS NS L NS NS NS NS

m 14 NS NS NS NS NS NS NS NS NS

at 17 NS NS NS NS NS NS NS NS

(.3 18 NS NS NS NS NS NS NS

44 22 NS L NS NS NS L

4.1
27 NS NS NS NS NS

m 28 NS NS NS NS

35
NS NS NS

a 36
NS NS

4 37
NS

40

41

IMINNIIIIM4101111111111

41 58

NS L
NS NS
NS NS

NS NS
NS NS
NS NS
NS NS
NS L
NS NS

L L
NS NS
NS NS
NS NE

NS NS
NS NS
NS NS

NS

(M23)
3 NS L L L L' L NS NS L L L L L L L L

4 LLLLLNS NS L L L L L L L L

7 NS NS NS NS NS NS NS NS NS NS NS NS NS NS

8 NS NS NS NS H NS NS NS NS NS NS NS NS

88 NS NS NS NS NS NS NS NS NS NS NS L

m 13 NS NS NS NS NS NS NS NS NS NS NS

e
m 14 NS NS NS NS NS NS NS NS NS L

0
m

17 NS NS NS NF NS NS NS NS L

.-1

co 18
NS NS NS NS NS NS NS L

444 27
NS NS NS NS NS NS L

28
NS NS NS NS NS L

5 35
NS NS NS NS NS

pal 36
NS NS NS NS

c 37
NS NS L

0 40
NS NS

41
L

Bartlett's Test -- Not Significant on (M12) or (M23)

F-Test Significant for (M12) and for (M23)

Legend: "H" indicates class on vertical axis scored significantly

higher than comparison class listed on horizontal axis. "L" indi-

cates class on vertical axis scored significantly lower than com-

parison class listed on horizontal axis. "NS" indicates that class

was not significantly different than class listed on horizontal

axis.
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Table 11 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR ELECTRICITY
PRE-TEST (E12) AND POST-TEST (E23) FOR GRADE 6 PUPILS

(E12)
3

4
7

8

13

14

17

18

27

28

35

36
37

40
41

(E23)
3

4
7

8

13

14
17

18
22

27

28

35
36
37

40
41

4 7 8 13

NS NS NS NS
NS NS NS

L L
NS

NS L
L

NS
NS
NS

L
L

NS
NS

Comparison
14 17 18

NS NS NS
NS NS NS
L NS NS
NS NS NS
NS NS NS

NS NS
NS

NS
NS
NS
NS
NS

L
L

NS
NS
NS
NS

L
L

NS
NS
NS
NS
NS

List of Classes
22

NS
NS
H
H
H
H
H
H

27

NS
NS
NS
NS
NS
NS
NS
NS

L
L

NS
NS
NS
NS
NS
NS
L

28 35

NS L
NS L

L
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
L

NS

L
NS
NS
NS
L

NS
NS
NS

L
L

NS
NS
NS
NS
NS
NS
L

NS
NS

36
NS
NS
L

NS
NS
NS
NS
NS
NS
NS
NS

L
L

NS
NS
NS
NS
NS
NS
L

NS
NS
NS

37

NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
.NS

L
L

NS
NS
NS
L
NS
NS
L

NS
NS
NS
NS

40
NS

L
NS
NS
NS

NS
NS
NS
NS
NS
NS

L
L

NS
NS
NS
NS
NS
NS
L
NS
NS
NS
NS
NS

41

NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
H

NS
NS
H

NS
NS
NS
NS
NS
NS
NS
NS
L
NS
NS
NS
NS
H

58

L
L
L
L
L
L
L
L
L
L

NS

L
NS
L

L
NS
NS
NS
NS
NS
NS
L

NS
NS
NS
NS
NS

NS NS
NS

Bartlett's Test -- Not Significant for (E12), Significant for (E23)

F -T It -- Significant for (E12) and for (E23)

We7a7Tririnci'1=,tw7ZTM774"---T-Ive.rtcii axis scored

higher than comparison class listed on horizontal axis. "L* indi-

cates class on vertical axis scored significantly lower than com-

parison class listed on horizontal axis. "NS".indicates that class

was not signiiicantity different than class listed on horizontal

axis.
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Table 12 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR HEAT PRE-

TEST (H12) AND POST-TEST (H23) FOR GRADE 6 PUPILS

Comparison List of Classes

(R12) 4 7 8 13 14 17 18 27 28 35 36 37 40

3 NS NSLLLLLLLLLLLLL
4 NS L L L L L L L L L L L

7 LLLNS NS NS NSLLLLNS
8 NS NS NS NS NS NS NS NS NS NS

13 NS H H H H NS NS NS NS

14 NS NS NS NS NS NS NS NS

17 NS NS NSLLLLNS
18 NS NS L NS L L

27 NS NS NS NS NS

28 NS NS NS NS

35 NS NS NS

36 NS NS

37 NS

40
41

(R12) 4 7 8 13 14 17 18 27 28 35 36 37 40

3 NS NSLLLLLLLLLLLLL
4 NS L L L L L L L L L L L

7 LLLNS NS NS NSLLLLNS
8 NS NS NS NS NS NS NS NS NS NS

13 NS H H H H NS NS NS NS

14 NS NS NS NS NS NS NS NS

17 NS NS NSLLLLNS
18 NS NS L NS L L

27 NS NS NS NS NS

28 NS NS NS NS

35 NS NS NS

36 NS NS

37 NS

40
41

41 58

L L
L

NS NS
H NS

NS NS
L

NS L
NS NS
NS NS
NS NS
NS NS
H NS
H NS

Legend: "H" indicates class on vertical axis scored significantly

higher than comparison class listed on horizontal axis. "L" indi-

cated class on vertical axis scored significantly lower than com-

parison class listed on horizontal axis. "NS'indicates that class

was not significantly different than class listed on horizontal

axis.
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. be noted that the pupils in class #58 were also significantly
higher in their scores than some of the pupils in the other

sixth grade classes. In particular, class #58 was significantly

higher than classes ( #88,14,18,17,27,37,41).

Class #3 and #4 had entered instruction with significantly
lower scores than the other sixth grade classes and they concluded
instruction with significantly lower scores than the other classes.

These pupils were in low socio-economic communitiee. and this re-

sult was not surprising. Class #17 had entered instruction with
significantly lower scores than the other classes, but improved

to the state where it was not significantly lower than the other
,sixth grade classes on the (M23) test. Classes ( #8,58) entered
instruction with significantly higher scores on the initial

test and concluded instruction with significantly higher scores

on the final test.

3. Electricity Pre-Test (E12) - The Bartlett's Test indicated
that there were no significant differences among the variances
of the classes in this group. An F Test and the appropriate
T Tests revealed that significant differences did exist between
low - scoring classes ( #3,4,7,17,41) as compared to the high-scor-
ing classes ( #13,14,28,35,36,37,40,58).

Class #58 made initial scores of the (E12) test which placed
it significantly higher than all of the other grade six classes

except classes (#35,40). This suggested that class #58 may have
studied electricity at a previous time, but no information was
collected to test this conjecture. On the other hand, only 14
of the 29 pupils were tested and this was approximately one half
of the entire class; which might also account for the extremely
high scores made by a small group of students.

Graphical analysis indicated that classes #36 and #41 had
positively skewed distributions on the (E12) test, but this dis-
tribution of scores within the classes did not cause their
variances or mean scores to be significantly lower than the other
sixth grade classes.

4. Electricity Post-Test (E23) - The Bartlett's Test indi-
cated that there were significant differences among the sixth
grade classes on the (E23) test. The F Tests were conducted
between pairs of classes send revealed that these differences
were atgributalbe to low- scoring classes ( #3,4,22) versus the

high-scoring classes ( #7,8,13,14, 17,18,27,28,35,36,37,40,41,58).

Classes #3 and #4 had entered instruction for electricity
51
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with significantly lower scores on the initial test and remained
significantly lower than the other classes as indicated by their
scores on the (E23) test. It is interesting to note that the
some Deexotb teacher taught classes #3 and #4. This teacher had
an excellent background of undergraduate science work. However,

these children came from low-socio-economic communities and
seemed to follow the same pattern of low achievement on tests.

It is also interesting to note that class #41 war taught by
the same science teacher in a suburban school who taught class
#40 in a self-contained setting. The pupils in class #40 scored
significantly higher than the pupils in classes #3 and #4 on

the (E23) test. The pupils in class #40 scored somewhat higher
than pupils in class #41, but this was not statistically signifi-
cant.

5. Heat Pre-Test (H12) - The Bartlett's Test did not reveal
substantial differences among the variances of classes in the
sixth grade for this test. An F Test indicated that there were
significant differences among the classes. Subsequent T Test;.

indicated that the differences could be attributed to low-scoring
classes (#3,4) which scored significantly lower than all other
sixth grade classes on the (H12) test except class #7. The

T Tests also indicated that classes (#7,17,18,27,28,41) scored
significantly lower than classes (#8,13,14,35,36,37,40,58).

6. Heat Post-Test (H23) - The Bartlett's Test indicated that
there was not a significant difference among the sixth grade
classes on the (H23) test. An 7 Test indicated that there was
a significant difference among these classes, and T Tests re-
vealed that the differences could be attributed to low-scoring
class (#17) as compared to the high-scoring classes (#8,13,27,37,
40,58). Classes #3 and #4 were excluded from the analysis of
the (1123) test in the sixth grade sample because there were only
7 and 8 cases remaining in those two groups.

D. Sex Differences in Achievement. Table 13 provides a sum -
nary statement of sex difference in achievement on each of the
unit tests. It indicates significant differences existed in
achievement for simple machines (M12,M23), electricity (E12,B23):
for all pupils in each of the eight schools.

There was a sex difference in the achievement on the Machines

Pre-Test (M12) which favored the boys in Detroit schools #19 2,

and 3. However, there was no significant difference in the

achievement of boys and girls in any of the Detroit schools on

the Machines Post-Test (M23).
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The suburban achoold did not indicate significant differences

in the achievement of boys and girls on the Machines Pre-Test (M12),

but the boys in school #6 did achieve significantly higher scores

on the Mihhines Post-Test (M23). Otherwise, there *.erase no dif-

ferences in achievement of boys and girls on the (M23) test.in

any of the other two suburban schools.

On the Electricity Pre-Test (E12), there were sex differences

which favored boys making higher scores in schools #1, 2, 5, and 6.

However, these differences in achievement of boys over girls dis-

appeaced on the Electritity Post-Test (E23), except for the con-

tinued success of boys over girls in suburban school #6.

Table 13 shows that for the Heat Pre-Test (H12) and the Post-

Test (H23), there were no significant differences in the achieve-

ment of koys or girls in any of the schools.
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2. Graphical Analysis of Data

Graphical analysis of the data was used to identify changes

in the distributions of pupils' scores between the pre-test and

the post-test for each unit test and for each of the grade groups.

The details of this analysis have been described in the tables in

Appendix H. Table Utshows a summary of the changes in distribu-

tion of the grade groups for different units of instruction. It

is apparent from the table that large numbers of classes in all

three grade groups tended to have a normal distribution before

instruction and a normal distribution after instruction. This

was consistent for the units of instruction on machines, elect-

rical energy, and heat energy. The only exception occurred in

the case of the electricity unit in which there appeared to be

changes from a normal distribution on the pre-test to log-normal

or skewed distributions on the post-test. None of the classes

indicated a negatively skewed distribution on any of the unit

achievement tests at any of the grade levels.

Skewed distributions occurred in low, middle, and high

soeie-economic groups. They have occurred in situations where

instruction was directed by non-specialists in science and in

classes taught by science specialists. There &allot seem to be

a consistent pattern in the occurrence of positively skewed dis-

tributions. although some classes tended to have skewed distri-

bution for one unit achievement test and have normal or log-

normal distribution for other unit achievement tests.

There were 19 occasions when a skewed distribution occurred.

There were 62 occasions when a class had a normal distribution

when instruction began and had a normal distribution when instruc-

tion ended. There were 76 occasions when the terminal distribu-

tion was normal or log-normal. In summary, it should be repeated

that there was a general tendency toward normal distribution of

scores within classes, although there might be variations in the

distribution before instruction or after instruction.

The graphs indicated clearly that low socio-economic groups

scored significantly lower than middle or high socio-economic

groups. This occurred at grade 4, 5, and 6. The evidence was

only applicable to eiasses that were taught by the special

science teachers. Since the suburban classes did not include a

sample of pupils from a low socio-economic community, a direct

comparison including suburban schools was not possible.

When the distribution of scores within a class was deter-

mined to be normal, for the pre-test and the post-test, this
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Table 14 CHANGES IN DISTRIBUTION CF CLASSES' SCORES FROM
PRE-TEST TO POST-TEST

Pattern of
Distribution

N-N

N-LN

N-S

LN-N

LN-LN

LN-S

S -N

S-LN

S -S

Machines Electricity Heat

(M12 to M23) (E12 to E23) (H12 to H23)

No. of No. of No. of

Grade Classes Grade Classes Grade Classes

4 5 4 4 4 5

5 6 5 1 5 8

6 14 6 7 6 11

4 0 4 1 4 0

5 3 5 4 5 0

6 0 6 1 6 0

4 0 4 1 4 0

5 2 5 2 5 1

6 0 6 4 6 0

4 1 4 1 4 0

5 3 5 0 5 0

6 2 6 1 6 1

4 0 4 0 4 1

5 0 5 0 5 0

6 1 6 0 6 0

4 0 4 0 4 0

5 0 5 0 5 3

6 0 6 1 6 0

4 0 4 0 4 0

5 0 5 1 5 0

6 0 6 1 6 0

4 0 4 0 4 0

5 0 5 2 5 0

6 0 6 0 6 0

4 0 4 0 4 1

5 0 5 1 5 0

6 1 6 0 6 0
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provided an opportunity to compare growth or improvement made

by pupils in the Detroit schools and those in the suburban schools.

There seemed to be as many occasions when there were significant

differences between classes in the same grade group taught by the

same teacher, as between classes taught by the science specialist

in Detroit and other classes taught by teachers in self-contained

classes in the suburbs.

The six hypothetical eases shown in Appendix H enabled the

researcher to make comparisons between increases in the median

scores and increases in the average rate of growth within a

given classroom.

Table 15 indicates frequencies of occurrence for each of the

hypothetical cases which had a normal distribution before insruc-

.tion and a normal distribution after instruction had ended. Of

the 62 instances of the pattern (N-N), the largest number (35)

occurred as instances of hypothetical case #6. This indicated

that there was a significant gain in the median scores following

instruction and there was also a substantial increase in the

slope or average rate of change. In substance, this implied that

while the total group made improvement, the upper portion of the

class made substantially larger improvement than the lower por-

tion of the class, which made little or no improvement.

The second largest number (18) of instances of (N-N) pattern

fell into hypothetical case #1. This indicated that the entire

group made significant gains on the post-test and that these

equivalent improvements were made by pupils at all levels in

the class.

Another significant observation about the information in

Table 15 was that there were no instances of hypothetical case

#4 or #5. This clearly indicated that the instruction presented

in these units did not enable pupils who were patently low on

the initial test to make greater improvements at any time than

the pupils who were above the median on the initial test.

Five instances of the (N-N) pattern were classified as re-

presentative of hypothetical case #2, which indicated no sub-

stantial improvement in either the median score or in the slope

of the curves after instruction. It is noteworthy that four of

these five instances occurred in classes of pupils from low

socio-economic communities.
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Table 15 FREQUENCY OF HYPOTHETICAL CASES FOR CLASS
DISTRIBUTIONS HAVING (N-N) PATTERN FOR

UNIT ACHIM/DENT TESTS

(N-N)

Hypothet.
Cases

Gr.
G s.

Mach.
Test

Elect.
Test

Heat

Test

#6
4
5
6

4
4
10

2

1

4

2
4
4

4 0 0 0

#5 5 0 0 0
6 0 0 0

4 0 0 0

#4 5 0 0 0
6 0 0 0

4 1 0 0

#3 5 0 0 1
6 1 1 0

4 0 1 1
#2 5 1 0 0

6 1 1 0

4 1 1 2
#1 5 1 0 3

6 2 1 7
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0
0

1
1
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2
1

2

4
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3. Gain Scores

For each of the unit achievement tests, a comparison was
made to discover the gains in raw scores which were made between
the initial pre-test (M12, E12, H12) and its corresponding poet -
test after instruction (M23, E23, 1123). This provided a set of
raw scores which indicated the gains in correct responses
which might be attributed to instruction in the particular unit.

Figure 6 shows three curves which illustrate the gainsscores
made by fourth grade pupils on the three unit achievement tests.
Figures 7,8 illustrate gain scores made by pupils in the fifth
grade and by pupils in this eixth grade.

For pupils in grade four the range of gain scores extended
from -4 points to +15 points. Figumikindicated that approxi-
mately 6 pupils made scores below -2 and at least 7 pupils made
scores above +11. This corresponded to a change for the total
test which ranged from 8% loss to gain of approximately 307. for
some of the fourth grade pupils. The mean gain was 3.5 correct
responses ilihich corresponds to about 77. gain.

These changes refer to gains made for the machines unit test.
Similar gains are noted by the solid line graph and the dash line
graph for gains made by fourth grade pupils as a result of instruc-
tion in electricity and in heat energy. VON distributions of
gain scores are very similar for all three groups and approxi-
mate a normal distribution.

The bar graph in Figure 7 shows a distribution' of gain
scares for fifth grade pupils for the machines unit. It indi-
cates a range of scores from a -7 points to a +22 points. This
corresponds to a range of 114, loss to a gain of 447.. The mean
gain score for the fifth grade group was 4.3 correct responses
which corresponds to about 8.67. gain.

The other line graphs show the distribution of gain scores
of fifth grade pupils for electricity and for heat energy. The
three distributions are very similar and approximate a normal
distribution. The mean gain score for electrical energy for
fifth grade pupils was 3.8 and the mean gain score for fifth
grade pupils on the heat energy unit was 2.8. These figures
correspond to 7.67. and 5.67. gains respectively.

The bar graph in Figure 8 shows the distribution of gain
scores for sixth grade pupils for machines, electricity, and heat
energy. The range of scores for the machines unit extended from
-7 to +19, which corresponds to a range extending from loss
to 387. gain.
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The solid line and the dash line show distributions of

gen scores of sixth grade pupils for the electricity test and
the heat test. The three distributions are very similar, and
approximate a normal distribution. For the electricity test,
the mean gain was 4.3 or 8.6%, and the mean score gain for heat

energy was 4.1 or 8.2% gain.

4. Standardized Tests of Achievement

A Analysis of Variance Results

1. Grade 4 - For the standardized reading comprehension
test, the Bartlett's Test indicated that there was a signifi-
cant difference among the variances of the fourth grade classes.
Classes ( #9,38) had substantially higher variances than
did classes (#20,24,23). The mean score of class #20 was lowest

in the group. Corresponding tables may be found in Appendix H.

The Bartlett's Test indicated a significant difference in
the scores made on the standardized science achievement test.
Class #9 was significantly high and classes ( #24,23,20) were
significantly low. The mean score of class #20 was lowest of
the fourth grade classes and class #9 made the highest score in
science achievement.

The Bartlett's Test indicated no significant difference
in the verbal intelligence test scores for the fourth grade
pupils. An F-test indicated that there was a significant dif-
ference, and subsequent T Tests identified class #20 as scoring
lowest and classes (#38,9) scored high.

2. Grade 5. --For the standardized reading comprehension
test, the Bartlett's Test indicated a significant difference
existed among the variances. Classes (#1,21) had small variances
and classes (#39,15,16) had large variances. Interestingly, class
#2 was not significantly different in either the mean scores
or the variances on the reading comprehension. Low mean scores
were made by classes (#21,1) and high mean scores were made
by classes (#33,34,39,6).

The Bartlett's Test indicated that there were_sigeificant
differences on the standardized science achievement test. Class

#1 had small variance in comparison to the classes (#39,16).
Low mean scores on thl,s test were made by classes ( #21,1).
High mean scores were made by ( #15,5,32,34). Class #22 did
not have a significantly lower mean score or a significantly
different variance than the other grade five classes.
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The Bartlett's Test indicated that there were no significant

differences in the verbal intelligence scores made by grade 5

pupils. An F-test indicated that there were significant dif-

ferences. Subsequent T Tests indicated that the differences

could be attributed to low mean sores made by classes #1 and

#21 as compared with classes (#32,5,33,34). Class #2 was

not significantly different than any of the other grade five

classes with respect to mean score or variance within that

class.

3. Grade 6 - The Bartlett's Test indicated that there

was a significant difference in the sixth grade pupils'

reading comprehension scores. Classes (#3,4) scored significantly

lower than classes ( #18,37). Mean scores of classes (#3,4,22)

were subotantially below those of mean scores for classes (#58,

40,41,8,14,18).

For the standardized science achievement test, the Bartlett's

Test indicated that a significant difference existed among the

low-scoring classes (#22,3,4) and high-scoring classes (#58,18,

13). Low mean scores were made by classes (#3,4,22) as con-

trasted with high mean scores made by (#58,8,28,35,37,7,14).

The Bartlett's Test indicated that there was not a signifi-

cant difference in the variance of the sixth grade pupils on

the standardized test of verbal intelligence. An F-test indicated

that there was a significant difference. T Tests revealed

significant differences between low-scoring classes (#3,4,22)

and high-scoring classes (#35,36,40,7).

B. Correlation Coefficients Between Test Variables

Table 16indicates the correlations among the unit achieve-

ment tests for pupils in grades 4,5, and 6. If one considers

the fourth grade matrix, it is apparent that there is a sub-

!mantis' correlation (r .70 to r .11: .86) between the pre-

test and the post-test for machines (M12 with M23), electricity

(E12 with E23), and heat (H12 with H23). In come cases,

the correlation from one unit test to another increased to a

high of r .1: .77 in the case of,the correlation between the

(E23) test and the (H23). On the other hand, the correlation

dropped to r a .55 for the correlations between the (M12)

test and the (H23) test.

Inspection of the matrices for the correlations among

the unit tests for the fifth grade pupils and for the sixth

grade pupils indicates that the magnitudes of those corre-

lation coefficients are similar to the values computed for

the fourth grade samples. 64
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Table 17 indicates the correlations among the unit achieve-
ment teats and standardized tests for reading comprehension,
science background, and verbal intelligence. For the fourth
grade sample, achievement tests are of the order of (r .1 .51

to r = .68). The correlations of the unit with the standard
science achievement test extends from (r = .53 to r = .78).
Correlation coefficients of unit achievement tests and verbal
intelligence scores of the fourth grade class ranged, between

(r :*.34 and r = .66)

For the fifth grade sample, the correlation between the

unit achievement tests and reading comprehension extended

from(r m .34 to r .51). The correlations for science achieve-
ment extended from (r : .52 to r 2 .59). The correlations for
verbal intelligence reanged from (r : .47 to r = .63).

For sixth grade pupils, the correlations between unit

achievement tests and the standardized tests for reading
comprehension, science, and verbal intelligence had the respec-
tive ranges of (r g .43 to r r .58), (r .51 to r a .66), and

(r = .39 to r & .62).
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5. Item Analysis of Unit Test Data

A. Correc_t Responses, .to Test Items. In the following

remarks, the results of pupils' responses to the various items on

the unit achievement tests will be summarized for simple machines,

electrical energy, and for heat energy. Since the results were

similar for tests for all three units, it was considered to be

unnecessary to repeat the same detailed report of results for

each of the three sets of data separately. The discussion deals

with differences in success achieved by pupils in grades 4, 5, and

6. Estimates of pupils' probable success in understanding the

generalizations for simple machines, electrical energy, and beat

energy are shown in Appendices A, B, and C.

An examination of the correct response patterns for each of

the grade levels indicated that one characteristic pattern was

for pupils at each of the grade levels to achieve the same level

of success on a given test item on the pre-test and on the post-

test. For example, the test item generalization for item #1 on

the machines test may be stated:

"An automobile has mechanical energy for use."

Inspection of Appendix A indicates that for each of the three

grade groups about 54% of the pupils responded correctly to this

test item before instruction (M12). There was no appreciable

change in the proportions scoring correctly on the (M23) test

after instruction.

The lack of change may be verified by referring to the con-

fidence belts in Appendix D. The number of pupils in the fifth

grade sample was approximately 300 pupils for the machines post-

test (M23). The per cent correct responses to the (M23) test

by fifth grade pupils was 56%. By referring to Figure 9 , the

appropriate confidence curve would be for samples between 200

and 400 subjects, the proportion under consideration would be

567., which is located on the horizontal axis at the top of Fig-

ure 9. The curves in that figure indicate that one may be 90%

confident that the true proportion lies between 62% and 50%.

Since the per cent correct responses of fourth grade groups and

the per cent correct responses of the sixth grade groups are

549. and 53%, respectively, it is apparent that there were no

significant differences among the three grade groups in respond-

ing to this test item.

For each unit achievement test, there were several test

items Witch revealed similar proportions for all three grade
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groups before and after instruction. Occasionally, this occurred
when the proportions of successful responses were relatively high
as in the case of item #1 and #4 on the machines test. However,
it was generally the case that test items were about the same
level of difficulty for all three grade groups Alen the propor-
tion of correct responses was low for each grade group before
and after instruction. This occurred for items #2 and #6 for
the machines test, for items #1, 4, 9, and 19,on the electricity
test, and for heat test items #9, 11, 17, 25, and 48.

A second set of test items showed a somewhat different pat-
tern in that they revealed a pronounced increase in the per cent
of correct responses from grade 4 to grade 5 to grade 6. For
example, the test item generalization for item #17 on the machines
test may be stated:

"If it is a shovel or a crowbar or a hammer, then.it may
be used as a lever."

For this item there was a pronounced increase in the per
cent of correct responses on the machines post-test (M23). This
changed from 257. to 347. to 48% for the respective grade groups
of 4, 5, and 6. There was a similar but less pronounced increase
for the same grade groups on the machines pre-test (M12) for that
same item and those same grade groups.

If one looks at Figure 9 with the 34% correct responses of
grade 5 and the sample size of 296 pupils, the boundaries for
the true proportions for that grade group are approximately 297.
and 407.. Therefore, one can asert that there was a modest but
significant difference in the proportion of correct responses
made by fourth grade pupils and fifth grade pupils as well as a
significant difference in the proportion of correct responses
made by fifth grade pupils and by sixth grade pupils to this
particular rest item on the machines test (M23).

One may also use the same confidence belts to determine
whether or not the change in per cent correct responses was a
significant change for grade 5 pupils. Since only 127. of grade 5
pupils responded correctly to item #17 on the Machines Pre-Test
(M12), this is clearly outside the limits of the 297. to 40%
band. Therefore, a larger and statistically significant pro-
portion of fifth grade pupils did respond correctly to item #17
and one may infer that the increased understanding was attribu-
table to the instruction on the topic of simple machines.

Similar patterns were identified for the electricity test.
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In particular, this occurred on the Electricity Pre-Test (E12)
for items #38 and #39; it occurred on the Electricity Post'
Test (E23) for items ( #5,12,11,38). Only once did this pattern
occur on the Heat Pre-Test (H12) and this was for item #34. It
did occur on the Heat Post-Test (H23) for items (013,16,35,37).

Another pattern which seemed to characterize the responses
to the unit achievement tests was evident when there was only a
modest difference between the proportion,of correct responses
for pupils in grade 5 and 6, while the proportion of correct res-
ponses made by fourth grade pupils to the same test item was
significantly lower. For the Machines Pre-Test (M12), this was
evident for test items (#3,4,21,22,37, and others). For the
Machines Post-Test (M23), the same items often exhibited this
Pattern (#3,4,21,22,37); however, there were more items on the
Machines Post-Test (M23) which reflected this pattern than there
were on the Machines Pre-Test (M12). Specifically this was true
for test items (#16,28,34,39, and others).

For the Heat Pre-Test (H12) and the Heat Post-Test (H23),
there were several items which exhibited this pattern on both
tests. For example, this was true of test items (#2,5,8,35, 50,
and others). However there were some items on the Heat Post-
Test (H23) which exhibited the pattern but the similar pattern
was not on the Heat Pre-Test (H12). Specifically this referred
to test items (#1,7, and others).

In contrast, there were only a few of the items on the Elec-
tricity Pre-Test (E12) and the Electricity Post-Test (E23) which
exhibited this pattern for both tests. Specifically this occurred
for items (017,25,32). Very few of the aectricity Pre-Test (E12)
items reflected this pattern. On the other hand, a large number
of the Electricity Post-Test (E23) items did reflect this pattern.
Specifically this applied to test items ( #21,18,2,16,17,37,32,40,
and others).

A fourth pattern which seemed to characterize the pupils'
responses to the various unit achievement tests was evident in
the increase in the per cent correct responses from the pre-test
to the post-test. One variation of this pattern occurred when
all three grade levels revealed significant increases in the per
cent of correct responses. This was characteristic of machines
test for items (03,4,17,35,36, and others). For the electricity
test, this was characteristic of items (018,22,5, and others).
For the heat test, this was characteristic of test items (02,1,
13, and others).
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A larger number of the test items on the unit achievement

test revealed a variation of this pattern by having an increase
in proportion of correct responses from the pre-test to the post-

test at one grade level or at two different grade levels. It is

important to note that this increase in per cent correct responses
might occur at the fourth grade level and not at the fifth or
sixth grade level. It might occur at the fifth grade level and
not at the fourth or sixth grade levels. It might occur at the
fifth and sixth grade levels and not at the fourth grade level.
In other words, there was not a consistent, identifiable pattern
in noting significant increases in per cent correct responses
in this variation of pattern #4.

Specifically the increase of one or two grade levels occurred
on the machines test for 15 items or more and this included test
items (#7,8,16,21,24,26, and others). The increase at one or
two grade levels for the electricity test occurred for 12 or
more test items and this occurred for test items (#3,2,6,11,16,
and others). The pattern for the heat test occurred for approxi-
mately 15 test items. Specifically, it occurred for test items
(#3,5,6,4,10,36,37,26, and others).

B. Identification of Error Parjerns. It is common for teachers
to be concerned primarily with the total correct responses made by
pupils to test items. A substantial increase in total correct
responses from pre-test to post-test is often interpreted as a
corresponding increase in understanding of the topic. However, the
couputer makes it possible to consider the error response patterns
which characterize groups of pupils as well as their correct res-

ponse patterns. The tree diagram which is shown in Appendix G
has indicated the large number of possible response paths which
may characterize the network of responsesto any multiple-choice
test item.

A detailed analysis of error response patterns was beyond
the available energies of the researcher or the available time
and resources of this research project. Therefore, the researcher
can only suggest to the reader some of his insights, gleaned from
a cursory exploration of the error response patterns.

The following remarkei.have been restricted to the error pat-
terns derived from pupils' responses to the Machines Pre-Test
(M12) And the Machines Post-Test (M23). Therefore, it should be
understood that these error responses were either made prior to
instruction and reiterated directly after instruction, or they
were asserted by the pupils directly after instruction and re-
iterated on the retention test administered three to five months
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after instruction had concluded.

Table 18 indicates the per cent correct responses of sixth
grade pupils to each of the items on the (M12) test and the
(M23) test. Inspec,:ion of these items leads to certain basic
observations. The per cent correct responses to this test before
instruction and after instruction ranged from a very low per
cent of correct responses (47.,37) to a very high per cent of cor-
rect responses (767.,737.).

It is interesting to note that when an item was answered
correctly by 25% or more of the pupils, the per cent of error
responses is substantially lower than when the per cent correct
responses was less than 257.. For example, item #2 had only
37. correct responses on the (M12) test, and response #1 and #2
received 16% and 38% response frequencies respectively. In

order to suggest what these error responses mean, the researcher
has listedall of the student misunderstandings which may be
inferred from their responses to the other options included In
each test question. This list for the Machines Test is included
in Appendix G .

In the case of item #2, the pupils' responses indicate that
at last 16% of them believed that after a boy has used energy
in a race, he still retains that energy. This occurred on the
(M12)test and garnered (17%) on the (M23) test. Moreover, the
second response indicates that the students believed than once
a boy has used energy in running a race, the energy is entirely
"used up". This was true of 387. on the (M12) test and 45% on
the (M23) test. This is directly contradictory to the basic
principle of conservation of energy, and it is apparent that this
unit made no substantial improvement in helping youngsters to
perceive the meaning of this major generalization.

If one were to undertake another science class with pupils
in this sample, it seems that the teachers would wish to know
that children do not consistently accept the conservation of
energy principle.

It is also interesting to note that for the pre-test and
the post-test, there were only about 577. and 707. of the young-
sters who were consistent in their thinking before and after
instruction. This leaves a substantial number of pupils in the
sample who are uncertain or are vacillating in their thinking
about this particular matter.

In the case of item #5, the test question attempted to determine
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if pupils could identify the relationships among the load, the

force, and the fulcrum in a second class lever. It is apparent

from the figures in Table 18 that a substantial number did not

understand this prior to instruction and although the per cent

of cases who did respond correctly after instruction had increased

a substantially larger proportion (about 757.) were either uncer-

tain as to how the components in a second class lever might be

arranged or they were vaci'lating.

Questions #28, 29, and 30 attempted to determine if students

could conceive of one point on a rotating surface traveling far-

ther and/or faster than another point on the same surface. Con-

sistently, the pupils indicated that all points on the rotating

surface (airplane propeller, bicycle wheel, fan blade) would

turn at the same speed and that all points would travel the same

distance. This view is inconsistent with an understanding of

the principle implicit in the operation of the wheel and axle.

This was confirmed by the very low correct responses to the test

items #30, 31, and 32 which alio were directly related to the

wheel and axle principle.

It is important to note that there were some test questions

in which the options were not incorrect answers. For example,

question #42 asked the pupils to indicate which of a group of

items exhibited some friction and the four options were: 1) fans,

2) roller skates, 3) airplanes, 4) all three of the above.

Obviously all of these have some friction and the preferred

answer would be to have the pupil indicate that he knew that all

of these machines had some friction. On the one hand, it was not

wrong to indicate that roller skates had friction; but the pre-

ferred answer was that all three of these machines had some

friction. The intent of the question was to determine if the

pupil could select the comprehensive answer rather than a particu-

lar instance as an answer.

The preceding remarks have cited the error response patterns

which occurred on the machines test. Similar patterns have been

noted by the researcher with respect to pupils! responses to test

items on the electricity test and to the heat test. However,

these patterns have not been discussed in this report.

6. Teacher Responses to Questionnaires About Instruction

Approximately 18 of the 20 teachers replied to the question-

naire following the unit of instruction for simple machines. Five

Detroit teachers accounted for 25 classes in the sample and the

suburban teachers accounted for 6 classes in the sample.
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The plan of instruction for simple machines provided a tenta-

tive schedule of 18 school days which required 45 minutesperiods

of instruction. This amounted to approximately 13.5 hours of

instruction for simple machines. As shown in Tab/4119 the teachers

completed the unit between 5 and 7.5 weeks. The median number

of days per week of instruction was three. Most of the classes

were conducted during periods of instruction of approximately

1/2 hour. The total time may be estimated to range from 7.5
hours of instruction to 12.5 hours of instruction in the Detroit

schools. In the suburban schools, the total instruction ranged

from 7.5 hours to 25 hours of instruction.

It should be noted that these totals may be exaggerated and

very deceptive indications of the total amount of time spent in

instruction. This discrepancy may occur because of interruptions

from holidays (Yom Kipper, Veteran's Day, Thanksgiving) and other

events which occurred in particular schools and interrupted the
regularly scheduled plan of instruction. When the researcher

met with the cooperating teachers, they indicated to him that
when these interruptions did occur they tended to wait until

most of the pupils had returned to class before proceeding with

the instruction.

In their replies to all three questionnaires, the teachers

indicated that they used the teaching protocol "teacher and pupil
demonstration" most frequently in the Detroit schools and in the

suburban schools. Often this particular teaching procedure was
modified according to the circumstances of the teacher and invol-
ved teacher lectures and laboratory periods. In some classes,

certain pupils made "science projects" or other exhibits at
home and brought them to school to share with classMates.

Table 20 indicates the answers made by teachers to the

questionnaire following their instruction on the topic of

electrical energy. This unit plan specified instruction for 15
school days of approximately 45 minutes per day. That is, the
unit plan required approximately 11.5 hours of total instruction.

In the Detroit schoold the instruction lasted for approxi-

mately 6 or 7 weeks and the median number of days of instruction
per week was three. The approximate length of each class period
continued to be 1/2 hour and it was estimated that the approxi-
mate total hours of instruction in the Detroit schools ranged

from 7 to 16.

In the suburban schools, the instruction extended from 3.5

to 7 weeks and the median number of days per week of instruction

was three. The approximate length of class periods for instruction
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continued to be 1/2 hour. The approximate total hours of instruc-
tion spent on electrical energy ranged from 7 to 27.5. Once again
this range of total approximate hours of instruction may be exag-
gerated because of interruptions in the school program, holidays,
teachers' institute meetings and other school events.

Table 21 indicates the teachers' responses to the question-
naire following instruction for heat energy. The unit plan
called for 16 school days of instruction lasting for 45 minutes
per day. In the Detroit schools the teachers spent approximately
5-1/2 weeks on this unit and taught it three days per week for
about 1/2 to 3/4 of an hour per day. The total number of hours
spent on this unit in the Detroit schools was estimated to range
from 11 to 13 hours.

In the suburban schools, the unit consumed 4 to 7 weeks of
instruction, which was presented for about 1/2 hour during each
period of instruction. The median number of days of instruction
was 3 days per week. The approximate total number of hours of
instruction spent on the unit on heat ranged from 7.5 hours to
19 hours.

Table 22 provides a summary statement of the undergraduate dir
studies of the cooperating teachers as well as indications of their
previous studies in college science courses and their previous teach-
ing experience. All teachers except one had completed a bachelor's
degree and held a Provisional or Life Certificate to teach in
Michigan. For teachers in the Detroit schools the number of col-
lege sciences courses ranged from 3 to 32, with a median of 13
courses. The years of teaching experience ranged from 1 to 19
years, with a median of 7 years. For teachers in the suburban
schools the number of college science courses ranged from 0 to 10,
with a median of 3 courses. The years of teaching experience
ranged from 1 year to 32 years, with a median of 6 years.
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IV. DISCUSSION

I. Accomplishing Objectives of Study.

A. Objective #1 - The first objective was concerned with

identifying several valid and significant generalizations about

electricity, heat energy, and simple machines. This objective

was achieved. Appendix F includes the specific baneralizations

which reeulted from the selection procedures which were reported

previously in Section II of this report.

One of the problems in achieving this objective was the seman-

tic difficulties encountered in using words precisely for scientists

and for children. The literature has indicated that honest differ&

ences of opinion exist between university scientists and educators

who are concerned with making a set of ideas meaningful to a group

of children in the elementary school. The writer has not resolved

this difficulty. However, he has attempted to document the state-

ments of generalizations so that the resulting statements have

at least been considered from the perspective of the physicist,

from the viewpoint of the science educator, and from the class-

room teacher's point of view.

It should be noted that the generalizations stated in Appen-

dix F are not to be considered immutable and final statements of

these ideas. The English language has such facility that the same

idea may be expressed in a variety of ways. The researcher has

simply chosen one of the ways of expressing each of the major science

generalizations. It is this same versatility of the English lan-

guage in representing similar or identical ideas with different

words, which seems to be at the heart of the disagreement between

persons on one side who are concerned about accurate statements

of generalizations or principles of science versus those persons

on the other side of the issue who are concerned about forming

meaningful and simplified statements of the same ideas in order

to communicate with children.

B. Objective #2 - The second objective of the study was con-

cerned with writing multiple-choice test itema to provide esti-

mates of pupils' understanding of the generalizations in Appen-

dix F. This objective was accomplished. The three unit achieve-

ment tests are presented in Appendix J.

This was one of the most difficult tasks in the entire study.

Each of the major science generalizations listed in Appendix.F,

may subsume many other, less complicated generalizations. Each

of these larger generalizations is analogous to a major root from
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a large tree; and each major root has many, many branches. Each

of the branches can legitimatly be considered a member of the lar-

ger root or generalization, as the analogy goes.

The multiple-choice test item will only permit one to collect

evidence on one of the subsidiary generalizations. The writer has

alluded to his subsidiary generalization as the "test item generali-

zation". The hazard of overgeneralizing from a single test item

or small number of items to the major science generalization

should be apparent. The fact that a pupil recognizes that a pen-

cil resting upon a desk is not doing work upon the desk is a mod-

est piece of evidence to use to suggest that the same pupil under-

stands the major generalization; "Work is done when a force moves

an object."

Effort was made to compensate partially for the inherent limi-

tation in the multiple-choice test question by developing a pro-

cedure which the researcher called "double precision scoring". This

scoring procedure placed a premium upon the pupil being consistent

over a period of time in the specific responses which he selected

on the multiple-choice questions. In previous research (67,20),

the researcher was impressed with what seemed to be contradictory

results. It seemed that pupils would respond one way on a pre-

test and in interview situations shortly afterward they would res-

pond quite differently, although no apparent reasons could be adduced

for the inconsistency.

At this point, the researcher is inclined to believe that

many pupils, like many adults including professors, are able to

hold mutually inconsistent ideas in their minds and to maintain

and assert those ideas with apparent disregard for the fact that

they are logically inconsistent. In some of the interviews which

have been conducted with pupils, certain children have used terms

with one meaning in one statement and then in the next series of

statements they have quite blithely used the same term for a sub-

stantially different purpose and meaning. This also may be noted

in some of the transcribed interviews reported by Inhelder and

Piaget (32 ). For example, a pupil may be discussing the Bohr

concept of the atom, and begin to interchange the terms nucleus,

electron, proton, positive charge, negative charge. Although

a given pupil may be consistent for a large proportion of the time,

even the most able student seemed to lapse into occasions when they

were clearly inconsistent with their own views. For some children

this pattern of inconsistency was a persistent practice.

In an analogous manner, it seems conceivable to the researcher

that when taking multiple-choice tests, the same pattern of incon-

sistency may be prevalent throughout the entire test for the entire
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group of pupils. This pattern of inconsistency may be blatant

in some children and uncommon for other children in the same class-

room. Therefore, the lack of agreement of the pupil with himself

apparently contributes error variance which is readily detected,

and exaggerated -perhaps, by the statistical forwulas used in con-

ventional estimates of test reliability.

In substance, the researcher was concerned that his judgements

and inferences be based upon evidence, i.e., responses to test

items, which the pupil has clearly identified as a firm and stable

indicator of his opinions or views. For this reason the researcher

was inclined to favor "double precision" scoring.

C. Objective #3 - This objective was concerned with construct-

ing units of instruction on electricity, simple machines and heat

energy to be presented to randomly selected classes throughout

Metropolitan Detroit. This objective was accomplished. Appendix I

provides the three units of instruction which were presented to

all pupils in the study.

In their replies to questionnaires and their comments to the

researcher, it seemed that the suburban school teachers considered

the units of instruction and the apparatus which accompanied them

to be a very helpful resource. They felt that it was very diffi-

cult for them to find the time to coordinate and assemble all the

materials which might profitably be used in an adequate unit of

instruction for one of the science topics. Therefore, even this

modest collection of apparatus, filmstrips, and brief contacts

with the researcher seemed beneficial in the judgement of the

teachers in the suburban schools.

In the Detroit schools, the classrooms were ordinarily well-

equipped with apparatus, science books and similar materials. How
weer, several of these science specialists indicated that they felt

that the organization of the units and the organization of the

materials was beneficial to them. They also expressed concern about

finding the time to assemble the materials and the instructional

plan for presenting a given topic of instruction.

In general, then, the researcher was inclined to feel that

the unit of instruction and the'accompanying materials enabled

the cooperating teachers to provide instruction on these topics

which was as good or better than the instruction available to

other classes of pupils in the population.

The second part of this particular objective was concerned

with selecting samples randomly from Metropolitan Detroit. This

objective was also accomplished and !ss been documented in
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Section II of this report.

In selecting randomly throughout Metropolitan Detroit, the

researcher was impressed with the diversity of teaching situations

and the backgrounds of science preparation which seemed to charac-

terize all of the teachers in the study. This has been documented

in the previous section in Table 22. On the other hand, it was

interesting to note that the analyses of variance for the unit

achievement tests revealed modest differences in the succeiss of

pupils who received instruction in these diverse settings following

.the unit plan presented in this c: tidy.

It was obvious that there was some diversity in tl teaching

styles followed by different teachers, although most teachers fol-

lowed a pattern termed "teacher pupil demonstration." The research-

er had difficulty in obtaining explicit and verifiable information

to determine what actually occurred in the various classrooms dur-

ing the units of instruction. Certainly, more precise recording

of classroom events should be undertaken in future studies of this

type. However, in spite of these gaps in the information, the major

differences which occurred among classes participating in the study

can be explained largely in terms of socio-economic background and

the pupils' achievement on standardized measures for reading,

science, and verbal intelligence. These tests are reasonably pre-

cise indicators of the gross success of pupils in the information

processing tasks which typify classrooms in the population of

schools in this study.

The graphical analysis indicated rather clearly that the units

of instruction tended to favor those pupils who were proficient

in these information processing skills. It is impossible to say

whether this was implicit in the unit plan and materials organized

by the researcher or whether this was implicit in the instructional

procedure and the classroom organization which characterized the

schools of Metropolitan Detroit. In any event, it was quite clear

that language facility was a major contributor to success in all

of the classrooms participating in this study.

D. Objective #4 - This objective was concerned with making

item analyses of the unit achievement tests in order to determine

the per cent of pupils who understood each generalization before

and after instruction. This. objective was accomplished. The tables

in Appendix A, B, and C provide these estimates to indicate prob-

able success in understanding each of thesgeneralizations before

and after instruction.

The item analyses were undertaken to enable the curriculum

plcaners to utilize the information which is ordinarily available

to them so that they might make optimum decisions about the program
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appropriate for specific groups of pupils in their urban school

communities. Therefore, the item analysts were undertaken initially

for each grade level. Pupils in these grade groups were subdivided

again into three categories (high, middle, low), according to their

icons on the publisher's norms for standardized tests of science
background, reading comprehension, and verbal intelligence. The

socio-economic rating scale in Table 3 was used to classify pupils

according to their school's socio-economic rating.

Although no specific information was collected, it was the

writer's judgement that an increasing order of precision for these

estimates of probable success would be made by estimates of official

grade level, socio-economic background, verbal intelligence, read-

ing proficiency, and science background information. The latter

would probably provide the most precise estimates of pupils' prob-

able success in understanding any of the ideas in the three units.

One of the problems involved in this study was the decision

to use the categories mentioned above. In previous research (72),

the writerisconttended the use of "normative grade placement" of

science concepts as a means of establishing an elementary school

science program based upon pupils' probable success in understand-

ing a set of ideas. However, during this study it became apparent

that this view would not be widely accepted or implemented. In

addition, the publisher of the test norms which had been used by

the research2r decided to revise the tests. Therefore, the research-

er elected to use the publishers' norms to make the gross classifi-

cation of the sample into high 257.9 middle 507., and low 257. with

respect to background information *bout science topics. It seemed

to the researcher that this very rough classification could be
achieved by most of the available power tests in science. It also

seeded that this rough classification of pupils might be made by

using the existing standardized tests of science information, even

when those tests have claimed to measure problem solving or critical

thinking in the sciences.

The researcher still believes that valid and reliable norms

may be used to establish a scale which could be used profitably

in making curriculum decisions. It should be quite clear that
units of measurement are arbitrary and fixed by statute. It is

perfectly conceivable that a set of test measurements, units, and

instruments might be established by a knowledgeable and reputable

agency of the federal government, e.g., National Science Foundation;

and that these units of measurement and these instruments could

be used profitably in measuring pupils' success in understanding

the concepts and processes of science. Needless to say, appropriate

safeguards would have to be established for the legitimate use of

these measuring instruments.
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In conclusion, the rough classifications of "high, middle,

and low," were used in order to provide a subdividion of each

achievement measure which might be meaningful to teachers and other

curriculum planning personnel. The inteat was to make these prob-
ability estimates as useful as possible to persons concerned with

planning the elementary school science curricula.

One of the sources of error in classifying pupils for the item

analyses involved pupils in the Detroit schools, where some of the

classes included pupils at more than one grade level. For example,

one class might have pupils in fourth grade and also include some
children who were classified as fifth grade pupils. Other classes

might have pupils classified as "4B and 4A". Since Detroit schools

have a promotion policy which advances pupils one half grade in

January, some of these pupils would be "fourth graders" in fall,

1965 and some of them wkuld be "fifth graders" in the spring of

1966. This arrangement occurred only in the Detroit schools' sam-

ple and it involved three classes. The researcher made an arbitrary

decision to classify a fourth grade group as "fourth graders" when

they entered the project in the fall and they remained with the

fourth grade sample for the entire year, even though some members

of that particular class may have become "fifth graders" according

to the records of the Detroit public schools.

If a group of youngsters started the unit with the official

grade designation of "4A - 5B" or "5A -6B ", then the researcher

arbitrarly classified all pupils in each group according to the

lower grade rating. That is, the "4A -58" group would be classi-
fied with fourth grade pupils. The "5A -68" pupils would be
classified with fifth grade pupils.

Another source of error was the lack of empirical tests of
the precision of all of the probability estimates which were

included in *ppend. 44,8, and C. Reliability estimates have been
computed for the unit achievement tests by using grade groups,
i.e., random samples of pupils from grades 4, 5, and 6. This was
accomplished using the Monte Carlo procedure described in Section
II (METHOD OF STUDY). Time and available funds did not permit
the researcher to compute estimates of the reliability of the
probability values when the norms for science background, reading
comprehension, verbal intelligence, and socio-economic leveli
were used as the indicator of probable success. It was assumed
that these estimates would be more precise than the grade level
values, but no empirical tests were conducted to check the
accuracy of this assumption. On the other hand, theoretical esti-
mates of the precision of these estimates may be derived from the

graph in Appendix D.
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E. Ohleetiye - Objective #5 was concerned with arranging

the per cent correct responses in a form to serve as probability

estimates that obber pupils would understand the specific generali-

zations considered in this study. This objective was accomplished

and it is documented in Appendices A, B, and C. The validity of

the generalizations has been documented in the literature and in

the judgement of professional scientists and educators4, This has

been described in Section II of this report and in Appendi.cesF ,G.

The relationship between the test item generalization and the major

science generalization has been discussed in those same sections

of the report. The validity of this relationship between the test

item and the major science generalization has been based upon the

judgemeneof professional science educators. Since the per cent

correct responses relate directly to the test item generalizations

and since the assumption of random selection of pupils was satisfied,

then it is legitimate to consider those per cent correct responses

as probability estimates that other members of the population will

understand the specific test item generalizations used in this

study. It is also legitimate to make inferences based upon this

evidence that other members of the population will understand the

major science generalization for which the corresponding test

item was written.

One of the problems which occurred in conducting the item

analyses and arranging the data into the various classifications,

was that a very large number of calculations were required. Con-

siderable care was needed in sorting the pupils' responses and

cards into their appropriate categories and this provided a large

number of occasions when clerical errors could easily enter. At

least one month was lost during the analysis of data in attempting

to track down and identify duplications of names and identification

numbers of pupils in the study. In spite of tle considerable effort

that was invested in avoiding duplication and clerical error, the

researcher is still fairly confident that some duplication and

error still exist in the data. This is trivial in comparison with

the number of students and test responses taken throughout the

study. Proof reading the values cited in Appendices A, B, and C
revealed recording errors of less than .1% and typing errors less

than .5%.

It may be segued that these multiple-choice test items were

not randomly selected from the large number of possible test items
which might have been posed for each major science generalization.

The researcher must concede that this is the case. These items

were selected deliberately after considerable effort.

Moreover, each statement will have certain obvious flaws when

examined closely by the sophisticated adult who is capable of
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examining a particular statement and generating subtle connotations

and innuendos which are quite remote from the intellectual world

of children in the age range from 9 years to 12 years of age.

If one considers the error response patterns summarized in

Table18 it might be appropriate to publishia complementary set of

tables to indicate the probable errors which will be implicit in

the minds of the pupils before instruction and after instruction in

each of the topics included in this study. Such tables could be

derived from the detailed examination of the error patterns which

were discussed in Section III of this report.

F. Objective #6 - This objective was concerned with providing

some estimate of the error of the probability values which have
been presented in Appendices A, B, and C. This objective was

accomplished. Appendix D includes a graph with several curves
representing samples which vary from 6 to 1000 subjects per sample.

Extensive research in computing these estimates of error for a

proportion has bean reported by Pearson and Hartley (58 ). The

graph in Appendix D is taken from Tate and Clelland (83 ). It

provides a means of estimating the range of variation for any pro-

portion cited in Appendices A, B, and C. This assertion that the

true proportion will occur within this range may be made at the

907.,level of confidence. That is, the researcher may be 907. con-

fident that a given proportion will fall within the range specified

by the curves in Appendix D which correspond to the sample size

used to compute the proportion.

It is important to avoid giving the impression that these

probability estimates are absolute standards and irrevocable indi-

cations of pupils' success. This set of curves calls attention

to the fact that any probability estimate is subject to error and

on occasion the estimate or the trend may be reversed. It calls

attention to the fact that one should indicate the amount of con-

fidence which can be expressed in the precision of any estimate of

probable success. These remarks are closely related to Carnap's

(11) concept of "degree of confirmation".

Inspection of the curves in Appendix D indicates clearly

that the range of variation for any proportion will depend directly

upon the size of the sample used to compute the proportion, assum-

ing that the requirement of random selection has been satisfied.

The researcher has elected to keep fairly large samples to support

each of the test item generalizations. He attempted to strike a

balance between sub-dividing various categories (grade level,

science background, reading proficiency, verbal intelligence, socio-

economic level) and making the classifications so broad that they

would be of negligible value. It should be apparent, that if one

starts with the sample of fourth grade pupils and sub-divides them
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into high, middle, and low categories for science background; and

then sub-divides each of these categories into high, middle, and

low classifications for reading comprehension; and then sub-divides

these again into high, middle, and low classifications for verbal

intelligence, and repeats the process of sub-dividing for socio-

economic levels, the terminal node for that series of branches

would have a very small number of persons representing the final

sub-category. A large nuisber of nodes at the end of that branching

series would have no members. Therefore, it was necessary to strike

a balance between sub-di:Vision of the classes and utilizing the

additional information which was available about the pupils in the

ammtie.

G. Objective #7 - This objective was concerned with publishing

these probability statements in a form which would be readily

usable by curriculum groups throughout the nation. This objective

was accomplished. The documents in Appendices A, B, and C make

it possible for teachers, administrators, and curriculum planners

to utilize some of the available information which they have about

their pupils to estimate theft probable success in understanding

one or more of the generalizations about simple machines, electrical

energy, and heat energy. These appendices are part of the public

domain and may be readily reproduced and utilized without fear of

infringement of copyright.

It would be legitimate to apply these estimates to other sam-

ples of pupils in schools of Metropolitan Detroit. It is possible

for curriculum planners in other urban centers to Litilize these

estimates, providing that their pupil populations and forms of

classroom instruction are actually comparable to the schools in

Metropolitan Detroit. Extrapolation of results from one population

to another population which was not represented in the initial

selection is hazardous. However, in the absence of other evidence,

these results may be useful as a first approximation.

H. Objective #8 - This objective was concerned with using a

computer program and the empirically derived estimates to make

curriculum recommendations for each of the classes in the schools

participating in the study. This objective was not accomplished.

In a previous research project (71), the writer had reported a

computer program which mould make curriculum recommendations based

upon probability estimates for generalizations about light energy.

As the researcher continued the analysis of the data in this study,

he became more impressed with the complexity of the teaching-learn-

ing situation and with the complexity of the network of accurate

conceptions and inaccurate conceptions which seemed typical of

each of the pupils in the study. When this very complex network

of understandings and Misunderstandings is amplified by 30 pupils
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per classroom and increased again by 20 or more classes in a given

school, the complexity of this network is awesome.

It would be possible to define rather arbitrary "cut-off

points", and then use these values to make decisions as to whether

or not a particular generalization or concept would be taught to a

particular class or in a particular school. However, it is the

writer's judgement that this would be a superficial treatment

of the problem. It would gloss over the large numbers of variables

which are implicit in the minds of the pupils in the school. Indeed,

it would be a facade which would be as deceptive as are many of the

curriculum guides, which are displayed at various professional

meetings. The printout from the computer would be irrelevant and

deceptive as to the possible understandings and misunderstandings

which are implicit in the minds of the 30 or more pupils in any

elementary school classroom. Such a computer printout would be

as unrealistic as the curriculum guide and about as unrepresentative

of classroom reality as are those curriculum guides.

The preceding remarks may seem to be a clear indictment of

thy writer's previous recommendations ( 71) when it was initially

recommended that the computer be used as to sketch a curriculum

design. To some extent this is accurate. On the other hand, this

is simply a matter of recognizing that considerable improvements

have been made in the information processing power of computer

systems since that recommendation was initially made. By utiliz-

ing this increased power the computer has enabled this researcher

to consider the thinking of pupils in this study from a different

vantage point and in substantially greater detail. A gross apprais-

al which was suggested in the earlier recommendations for the com-

puter to sketch a curriculum design might have been appropriate

in 1962; but with available hardware and software in computer

systems, it would be quite inadequate.

To illustrate the possibility of providing a diagnostic pro-

file of individual pupil's understandings and misunderstandings,

the researcher wrote a computer program which will compute the

double precision response patterns for the pupils' correct respon-

ses and for their incorrect responses. A sub-routine to this initial

program will print the English statements so that anyone could call

for the diagnostic profile of information in a language which he

would understand. A hypothetical diagnostic profile is provided

inAppen.G-9. A flowchart to illustrate the printing of the state-

ments in English is included in Appendix G. A second hypothetical

profile might call for any random sample of two or more individ-

uals within the class, and this diagnostic profile is illustrated

inAppen.G-10. It should be noted that a computer program has not

been written to summarize and print the class diagnostic profile

90



at this time. This deficiency is not due to inability of the

computer systme to handle this, but it is largely attributable

to the limited time and resources available to the researcher.

It is important to note that the computer is capable of pro-

viding a teacher or a group of teachers with a tremendously large

volume of information about any single indiVidual in their school

or any collection of individuals in that school. It will do this

if the information has actually been collected and organized in

a form which will enable the machine to receive, store, and re-

trieve the info oration.

Indeed,, teachers already face the dilemma of being overwhelmed

by information about their pupils. Therefore, it is important

that some evidence be collected in future studies to identify

the information which is relevant to important decisions which

ordinarily are made by teachers; and to discover whatever heuristic

devices may be made available to teachers to exclude that informa-

tion which is confusing and deceptive in its influence upon their,

decisons.

At the present time, science instruction in the elementary

schools does not have sufficient status or high priority to command

the services of information systems which are necessary for efficient

instruction. Thins may change. For the present, however, the crude

estimates in the tables in Appendices A, B, and C may be helpful

to curriculum planners who are obligated to make decisions about

which science topics may be taught to intermediate grade pupils.

The overwhelming evidence of this study is in ,clear opposition

to Bruner's position that "...any subject can be taught to any

child at any stage in his development in some effective and intel-

lectually honest form." It may be that at some future date, there

will be pharmaceuticals which will alter the chemical equilibrium

of the brain so that children and adults can learn readily and with-

out difficulty or misconceptions. It may be that at some future

date, electrostatic generators will be so able to alter the elec-

tric field of the brain so that vicarious experiences and know-

ledge will be assimilated by children and adults without difficulty

and these artificially "charged" impressions will be as permanent

and meaningful as so called "concrete" experiences have claimed

to be. However, it does not seem to this researcher that these

events will come to pass in the next six to ten years. He does

not believe that these exotic remedies or the prevalent computer-

assisted instructional systems or the teaching machines or other

highly publicized devices will become so prevalent and efficient

as to substantially alter the instructional program in science

for intermediate grade pupils during the next six to ten years.



During this next, six to ten years, 25 to 50 million children
will pass through the elementary schools of this nation. Teachers
and curriculum planners must make decisions now that will influence
the understanding and the misunderstanding of science topics of
children presently attending those schools. To do nothing is, in
itself, a decision. It is the researcher's opinion, that until
persuasive evidence is available to indicate which pupils can
profit from study of which science topics, curriculum planners should
urge caution and practice caution in planning the science program
for the elementary school children in their charge.

Many of the generalizations included in these units of instru-
ction were much too difficult for these pupils. As long as large
group instruction or class instruction is to be continued in the
great majority of the schools, it brings with it the onus of in-
ducing a large number of misunderstandings as well as a number of
correct impressions and accurate understandings. Responsible
curriculum planners must proceed with caution in deciding how they
will gamble with the thinking of the pupils in their charge.

The results of this study indicate clearly that it is possible
to identify the substantial variations which exist in the under-
standings and misunderstandings of topics which are to be taught
to intermediate grade pupils. It indicates that the power of highly
sophisticated computer systmes can be brought to bear upon the in-
formation processing problems posed by a model of efficient teach-
ing-learning.

This study has not demonstrated how this "possibility" can
be created. It has only demonstrated the feasibility of such a
system. Until the possiblitiy has become a somewhat more plaus-
ible "reality" in schools in this population, the tables in Appen-
dices A, B, and C would suggest a conservative estimate of the
probabilities that large numbers of pupils can understand and retain
the major generalizations presented in these units of instruction.

2. Discussion of Analysis of Variance Results.

A. Fourth Grade Unit Test Results. One of the consistent obser-
vations which can be made about the test results of the fourth
grade classes is that pupils in low-scoring classes consistently
came from the school community which was designated low socio-
economic. In particular, this referred to classes #19, 20. In the
machines pre-test (M12) and post-test (M23), these two classes
were consistently low. When the Bartlett's Test indicated that
there was a significant difference among the variances of the
grade 4 classes, the classes (#19,20) ordinarily were the ones
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which had the smallest class variance which contributed to the

significant differences identified by the Bartlett's Test. More-

over, it was consistently the case that these classes had sub-

stantially lower mean scores than did the other fourth grade classes.

This was the case in the electricity pre-test (E12) and the pre-

test for heat (H12). It also occurred when the Bartlett's Test

indicated significant differences in the electricity post-test

(E23).

The analysis of variance results simply reiterate what was

evident in the graphical analysis and which was reiterated in the

standardized tests of reading comprehension, science achievement,

and verbal intelligence. That is, pupils from low socio-economic

communities are not as proficient as pupils from middle and high

socio-economic communities in the information processes tasks

which are implicit in these unit achievement tests and the stand-

ardized achievement tests. They are not as successful in symbol

manipulation and in the conventional language processing skills.

This is not a new finding, but merely reiterated what a large

number of other studies (5) have already documented.

In the fourth grade group, class #9 and class #38 as well as

class #10 on occasion, have distinguished themselves as scoring

significantly higher than the other classes. If one considers their

scores on the standardized tests for reading comprehension and

science achievement and verbal intelligence, thete classes include a

substantial number of pupils who are very capable in the informa-

tion processing tasks which are measured by these particular tests.

These pupils were able to apply their skills in language and infor-

mation processing to excell in their studies of these topics.

B. Fifth Grade Alit Test Results. Inspection of the analysis

of variance tables for grade 5 pupils indicated that class (#1, 21)

were consistently lower than the other fifth grade classes. This

was the case on the machines pre-test (412), machines post-test

(M23), and when class #1 was no longer in the study because pupils

in that class were promoted to another school, class #21 continued

to score significantly below the other fifth grade classes on the

remainder of the unit achievement tests.

Classes #1, 21 were from low socio-economic communities in

separate parts of the city of Detroit. However, they shared this

in common: they were substantially below their expected grade

level for reading comprehension, science achievement, and verbal

intelligence. This inadequacy in information processing skills

revealed itself in the inadequacy to maintain achievement levels

comparable with other grade five pupils in the sample.
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Inspection of the graphs for class #2 seemed to support this

impression. Class #2 had log-normal (distributions for two of

the unit achievement tests. When there was a normal distribution

of scores, the average rate of change, as indicated by the slope of

the curve for scores in class #2, compared favorably with the slope

of the curves indicating average rate of change for other grade 5

classes.

Among the high-scoring classes, one would call attention to

class #12, 32, 39, and classes #6, 15, and 26. The first group of

these classes scored consistently higher than most of the other

classes in the fifth grade sample on most of the unit achievement

tests. The second group of these(.classes also tended to more

higher than the other fifth grade classes, but were not as consis-

tent as the first group in making high scores. Inspection of the

mean scores on the standardized achievement tests for these six
classes indicated that they were at or above the expected grade

equivalent score in reading comprehension, science achievement,

and verbal intelligence.

C. Sixth Grade ILWIDELResultz. Inspection of the analysis

of variance tables indicated that for the machines pre-test (M12),

classes (#22,3,4) were low in comparison to the other sixth grade

classes. Classes #3 and #4 were consistently low in achievement
throughout all of the tests for the units conducted in this study.

It was not possible to obtain heat retention test data for pupils in

classes #3 and #4 and this made it impossible to have complete

test data for those classes for the (H23) test. These pupils had

been assigned to several junior high schools throughout the city
of Detroit, and it was impossible to locate them and administer

the heat retention test. However, they were available for testing
for machines, electricity, and the (H12) test for heat. Pupils in

these classes were from low socio-economic school communities. In

the one instance where the Bartlett's Test indicated that there

was a significant difference in the variances of the sixth grade
classes on a particular test, it was classes (#3,4,22) which

accounted for this significant difference. These three classes

made low mean scores and they also had low standard deviation

scores which indicated that the variances in achievement within
each of these classes was significantly smaller than the variances

in the other sixth grade classeil.

If one considers the achievement of these three classes on the
measures of reading comprehension, standardized science achievement
test, and verbal intelligence it indicated that pupils in these
classes were significantly below the other sixth grade classes.
This also indicated that the pupils in these classes did nct have
the skills required to process information in the large class setting
which 'characterized instruction for this study.
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Classes #58, 35, 37, 13, 40, and 8 distinguished themselves

by consistently scoring high on the unit achievement tests. Inspec-

tion of the standardized science tests indicated that pupils in

those classes also scored high on this test as well as high on the

reading comprehension test and average on the verbal intelligence

test. In indicated that the relatively strong background of science
information and language skills were helpful to pupils in these
classes during the instructional program.

In summary, it seems evident from the preceding discussion
that success on any of the units depended upon certain information

processing skills or language skills, as some persons may prefer

to call them.

Pupils in low socio-economic communities were consistent in
scoring below their counterparts in middle and high socio-economic

communities. This is not to say that many of pupils in the low
socio-economic community did not "succeed" in miderstanding and
learning some of the materials presented in the units of instruction.
However, it was indicated by the analysis of variace that these
pupils were unsuccessful in making comparable gains. Tftis is not

to say that these pupils in low socio-economic communities cannot

learn or understand these ideas. It does say that under existing
conditions these pupils will consistently be less successful than
their counterparts in the middle and high socio-economic communities.
It does not say that all pupils in low socio-economic communities
will score lower. On the contrary, there is evidence to indicate
that some pupils are able to do as well or better than their counter-
parts in comparable grades. However, in terms of averages (as
elusive as the term average may be), this study supports the results
of other studies ( 5 ) which have indicated that pupils in low
socio-economic communities will achieve less successfully than
their counterparts in middle socio-economic and high socio-economic
communities.

3. Discussion of Gain Scores,

The distribution of gain scores for these three grade groups
was very similar when one considers the relative gain. Although
there were variations within a given class and among classes in the
amount of gain made by individual pupils, it seems apparent that
the average gain as a result of instruction for any one of the
three units seemed to vary between 4% and 97.. If one may infer

that the achievement tests provided adequate estimates of the

amount of understanding or learning which occurred as a result of
instruction, then one may infer that an average of 47. f0 97. of all

of the content which was presented to children during the instruc-
tional program was understood and retained. That is, average gains
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of 47. to 97. were made in pupils' understanding.

A gain of 47. to 97. may seem to be a very modest improvement.

However, if one considers the fact that approximately 107. of the

school week was invested in study of any one of the topics included

in this project, then it appears that an investment of 107. of

study time will precipitate an average gain of 47. to 9% for inter-

mediate grade pupils. It is important to note that if this is the

average gain, there were certainly youngsters who made great pro-

gress and achieved substantially larger gains. There was a corres-

ponding group of youngsters who gained little or nothing from the

unit of instruction. Indeed, the evidence indicated that there

was a group of youngsters who formed and retained several miscon-

ceptions as a result of the instruction.

It is the researcher's view that this discrepancy between

actual gain or loss as a result of instruction should be primary

consideration of persons who seek to develop a science program for

children in the elementary schools. This instruction may be con-

sidered appropriate for those youngsters who made "reasonable gains"

as a result of instruction. The exact definition or explication of

the meaning of the expression, "reasonable gain" must be considered

carefully by those persons responsible for organizing the elemen-

tary school curriculum.

Table 23 was compiled by subtracting each pupil's double

precision score of correct responses to a particular unit test from

the total possible 50 correct responses, and computing a proportion

to estimate the per cent of the total test which was unknown to

the pupil before and after instruction. The table shows the mean

proportions of information unknown by the pupils prior to instruc-

tion ranged from 717. to 877.. It indicates that there was a sub-

stantial range of about 57. to 97. in the differences in initial

scores made by fourth grade, fifth grade, and sixth grade pupils

prior to instruction in one of the topics.

At the conclusion of study, the mean proportions ranged from

637. to 84% of the test items unknown to pupils after instruction

had concluded. In each case the higher grade group concluded

instruction by comprehending and retaining more than did the lower

grade group. Mean gain scores also tended to favor the fifth grade

pupils over the fourth grade pupils, as well as the sixth grade

pupils over pupils in the fifth grade or fourth grade.

It should be remembered that in each grade level there were

individuals who entered with considerable previous knowledge of

the topics to be presented and they varied in the amount of gains.

There were other pupils in each grade level who entered with very
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Table 23 MEAN PER CENT OF TEST UNKNOWN BY PUPILS

AT START AND CONCLUSION OF EACH UNIT

Mean Scores

Per Cent Unknown
Before Instruction

(Per Cent)
Per Cent Unknown

After Instruction

Grade 4

Machines Test 847.
777.

Electricity Test 87% 847.

Heat Test 807.
757.

Grade 5

Machines Test 80% 707.

Electricity Teat 837.
777.

Heat Test 747.
687.

Grade 6

Machines Test 757.
67%

Electricity Test 817.
737.

Heat Test 717.
637.



large amounts of the test material unfamiliar to them; and they

concluded their studies with varying amounts of improvement, i.e.,

some made remarkable improvement while others seemed to regress

or make no improvement.

The previous remarks have dealt exclusively with levels of

success of pupils in different grade groups. If one wishes to con-

sider the success of individual pupils, this is a much more com-

plicated task. The reader must consider the tree diagram shown
in Figure 20 which indicates the possible response pattern to a
single test item on one of the unit achievement tests. This tree

diagram has 36 possible response patterns for a single test item
administered to proVide a prw-test, post -test, and retention test

measurement.

If this number of possible response paths is multiplied by a
factor of 150 for the total number of test items on all three unit
achievement tests, then this indicates the possible response paths,
available for a single pupil on the three unit achievement tests.
If one wishes to consider 100 pupils at random from the group,
then the previous total must be increased by a factor of 100.
The numbers of elements in such a task is not impossible to analyze,
but it is well beyond the objectives and expectations stated for
this research project or anticipated for this research project.

Several other questions occurred to the researcher to pursue,
but this was not possible under available time and resources. At

this point in the project, one can only pose these questions and
:.omment briefly upon them in the discussion. Close inspection

must wait for a later study. For example, consider the following

question. When a pupil made improvement after instruction, did
he improve by making more correct responses to relatively simple
test questions, i.e., (probability of success 2 50%)? It's con-

citivable that one or two correct responses to rather difficult
questions (probability of success 25'/.) could signal a profound

insight into the major generalization being measured by the test

item. Other questions might be posed about the complexity of the
error responses made by pupils. Certainly some of the basic mis-
understandings could lead to considerable confusion and frustra-
tion on the part of pupils trying to interpret the conventional
models presented in science textbooks or in class discussions.
For example, some pupils clearly misunderstood the model of the

Bohr atom, with a positively charged nucleus, which has one or
more negatively charged electrons graveling around the nucleus.
Some pupils considered the nucleus to be called an "electron", and
that positively charged particles called "nucleus" were traveling
around the outside of it.
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This is a clear misconception of the model, and subsequent dis-

cussions which attempt to build upon understanding of this model

can only lead to thorough confusion in the minds of children who

have thus misinterpreted the model. Misconception piles upon top

of misconception with only a modest prospect that someone or some

event will help the child bring an ordered arrangement into his

thinking.

4. Instruction by Classes with Science Specialist and With-

out Specialist

Since there was not a suburban class which had pupils from

low socio-economic communities and there was not a Detroit class

which had pupils from a high socio-economic community, the clearest

comparison between these two types of instruction was evident in

classes serving middle socio-economic communitities. These could

be compared at the fourth, fifth, and sixth grade levels.

At each of these grade levels, there were instances in which

significant differences occurred among classes having the same

science teacher and there were instances in which significant dif-

ferences occurred between classes having different science teachers.

In no instance was there a consistent tendency among the middle

socio-economic classes to establish significantly higher scores in

favor of classes receiving instruction from the special science

teacher or in other classes receiving instruction from a non-special-

ized science teacher. Inspection of the analysis of variance tables

in the preceding sections did not reveal significant differences

among any of the classes in the middle socio-economic communities
which might be attributed to having a special science teacher or

having a non-specialized science teacher.

If one accepts the proposition that a person charged with teach-

ing a single topic can become more proficient at teaching that sin-

gle topic than another person charged with teaching several topics,

then it is reasonable to ask: Why didn't the science specialist

produce classes which scored substantially higher than the classes

taught by non-specialized teachers?

Several possible explanations may be offered, but the writer

will content himself with the following interpretation. The pre-

vious training of the science specialists and the abundant supply

of materials at their disposal made it possitle for them to

provide science learning experiences superir to their counterparts

in the suburban schools, in the judgement of the researcher. How-

ever, the science specialist had to conduct instruction in classes

of 30 or more pupils for relatively brief periods (30 to 50 minutes)

and to a large number of *here classes each day. His energies and
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talents were distributed over a large number of pupils, with a cor-

responding dilution of his influence upon any single pupil. It is

analogous to sprinkling a football field with a gallon of water.

In the suburban school communities, the teachers' energies and

talents were distributed over a large number of subjects and science

was only one of those subjects. Since much of the planning and or-

ganization of materials had been done for the teacher by the research-

er, and the customary instructional organization was for lame groups,
i.e., class size of 25 pupils or more, the precision of instruction

delivered by the suburban teacher was easily comparable in quality

to the precision of instruction deliverable by the science special-

ist under his teaching circumstances.

5. Teacher Experiences and Achievement on the Unit Tests

Table 22shows the education and teaching experience: of the

teachers who participated in the study. With one exception all

teachers had completed a Bachelors Degree and all of the teachers

had a Michigan Provisional Certificate or a Michigan Life Certifi-

cate. Inspection of the number of college science courses and
the analysis of variance for classes in grades four, five, and six
does not indicate a significant relationship between total number
of hours completed in science and success on any of the Unit

Achievement Tests.

For example, Teacher #3 had the highest number of college
science courses completed, ana he was a science specialist teaching

in the Detroit schools. In one of his fourth grade classes (#9),
pupils scored significantly higher than pupils in another class
(#10) which also received instruction from that science specialist.
Pupils in class #9 had very high scores on the standardized science

achievement test. Class #10 scores on the standardized tests were
comparable to the other grade 4 classes and these pupils did not
score significantly higher on the unit achievement tests than other
comparable fourth grade classes in middle or high socio-economic

communities.

For pupils in the low socio-economic community, one science
specialist teacher had extensive teaching experience (14 years)

and a substantial number of college science courses completed (12).
Another science teacher working in Detroit schools with pupils
in low socio-economic communities had completed a small number of

science courses (3) and had 4 years of teaching experience. A

third teacher has an extensive background of undergraduate studies

in science and was in the initial year of teaching. In each sit-

uation, the pupils in those classes scored significantly lower

than pupils at the same grade level in middle socio-economic
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communities in which the science specialist was used. Those same

classes scored significantly lower than pupils in the same grade

in middle or high socio-economic communities, when science instruc-

tion was presented by a non-specialist.

This leads the researcher to the conclusion that under existing
conditions in schools throughout Metropolitan Detroit, the number of
college science courses completed. or the years of teaching experience
are nottalicative of success in the study of science under the con-

ditions prevailing in this study.

6. Time Devoted to Instruction

Tables 19thru A provide summaries of teachers' answers to
questionnaires following their instruction for the units of simple
machines, electrical energy, and heat energy. These tables indicated
that all teachers spent about the same amount of time during a
class period of instruction. The approximate total hours of
instruction varied considerably according to the teacher's reports.

The suburban teachers apparently spent more total hours devoted

to classroom instruction than did the specialist teachers in Detroit.
For the suburban teacher, a median of approximately 15 hours of
instruction was devoted to the machines unit. For the Detroit
specialist, the median was 10 hours. For electricity the suburban
school teacher spent a median of 13 hours of total instruction.
The Detroit science specialist spent a median of 10.5 hours of total
instruction for electricity. For heat energy the Detroit teachers
spent a median of 13 hours for total instruction. For the suburbs,

the teachers spent a median of 12 hours of total instruction.for
heat.

If one considers the amount of time spent by the various
teachers in instruction for their respective classes and the
levels of success indicated by the preceding analysis of variance,
there does not seem to be any substantial relationship between
amount of time spent in study of some particular topic and success
on one of the achievement tests for the topic.

It should be noted thatstdOrttical tests were not made to
determine whether or not these relht',.. chips between number of
college science courses, teaching experience, total amount of time
invested in instruction were significantly related to success on
any of the achivement test variables. These conclusions were based
upon inspection of the analysis of variance tables and tabulations

of teachers' responses to the questionnaires.
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V. CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS

l. Conclusions Regarding Pupils' Success
On Unit Achievement Tests

A. At each grade level there appeared to be one or more classes

in which the pupils scored significantly higher than the other

classes at the same grade level. High-scoring classes occurred in

Detroit schools and in suburban schools.

B. Pupils who were low on the unit achievement tests were

ordinarily low on the standardized measures of reading comprehen-

sion, science achievement, and verbal intelligence.

C. Pupils in low socio-economic communities scored significantly

lower on the unit achievement tests than did their counterparts in

the same grade in the middle or high socio-economic communities.

D. When the Bartlett's Test indicated that there were signifi-

cant differences attributable to the variances of scores among the

classes, the low socio-economic classes consistently had smaller

variances and lower mean scores than did the other classes at the

same grade level.

E. There were no significant differences in the achievement of

pupils in grades 4, 5, or 6 of the middle income communities when

they were taught by a science specialist or when they were taught

by a teacher who was not a specialist in teaching science.

F. There was no significant differences in the achievement of

pupils in grades 4, 5, or 6 to indicate that the number of years

of teaching experience, previous college undergraduate science

courses, or total hours a unit was taught had enabled a particular

class to excel on that unit achievement test..

G. Sex differences in achievement on the unit tests were

sporadic and tended to occur at'the beginning on the pre-test for

a particular unit. When these differences did occur, they tended

to favor the males scoring higher than the females; however, this

superiority ordinarily disappeared and was not prevalent on the

post-tests.



2. Conclusions Regarding Item Analyses

A. Double precision scoring made it possible to identify those
pupils who appeared to understand the test item generalizations
before instruction as well as those pupils who understood the same
generalization after instruction and retained that understanding
for three to five months.

B. The test item generalizations which were included in the
study ranged from those which were simple (probability of success
707. or more) to those test item generalizations which were diffi-
cult (probability of success 257. or less).

C. There was a high positive relationship between pupils'
success on the pre-unit test and their success on the post-unit

test.

D. There was a substantial positive relationship among the
various unit achievement tests.

E. Use of the confidence belts in Appendix D made it possible

to estimate the probable error for each of the probability estimates
which are listed in the tables in Appendices A, B, and C in the
study.

F. At least four patterns were evident as a result of the item
analysis of pupils' correct responses: 1) For some test items the
pupils did not substantially alter their success before instruction
and after instruction, 2) For some test items the pupils in grades
five and six scored substantially higher than pupils in grade four
without having substantial differences between grade five and grade
six pupils, 3) For some test items there was an increasing order
of probability of success from grade four to grade five to grade
six, 4) A fourth pattern was noticeable in which there was a sub-
stantial increase in the per cent correct responses to a test item
for all grade groups from the pre-test to the post-test.

3. Conclusions Relating to Pupils' Error Patterns

A. It was possible to identify consistent misinterpretations
which pupils made before instruction as well as those which they
made directly after instruction and retained for three to five
months.

B. The inspection of the error responses for a given grade
group indicated that when the probability of success was less than

257., a substantially large number of pupils selected incorrect res-
ponses and retained those response patterns for three to five
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months. When the per cent correct responses to a test item occurred

at the 50% mark or above, the per cent of error responses was modest.

C. A substantial proportion of the pupils at each grade level

either changed their minds or did not understand several of the test

item generalizations. This is particularily evident when the double

precision correct response accounts for 107. or less in a sample and

the double precision error response accounts for 10 to 15% in a

sample. This clearly indicated that 757. of the sample were con-

fused or uncertain about the test item question and the conventional

answer.

D. Several of the ideas included in these units of instruction

were apparently too diff1;ult for a substantial number of the inter-

mediate grade pupils who were taught under large group conditions

in the schools in Metropolitan Detroit.

E. A computer program may be used to identify and state in

English the test item generalization which is understood by pupils

according to their item responses,as well as those test item general-

izations which are clearly misunderstood by pupils. However, it

is apparent that the computer can deliver large volumes of infor-

mation about a pupil, and teachers will need help in determining

which information they want to consider in making a specific

decision.

4. Conclusions Regarding Pupils' Gain Scores

A. The unit achievement tests indicated that pupils in grades

four, five, and six began instruction with 80 to 90% of the content

not understood and they concluded instruction with 65 to 757. of the

content not understood.

B. The mean gain scores made by fourth, fifth, and sixth grade

pupils ranged between 57. and 107.. If the unit achievement test

can be considered an estimate of the total number of ideas under-

stood and retained out of an entire unit of instruction, then it

seems to indicate that pupils gained 57. to 107. of the entire set

of ideas presented in the unit.

C. It seems to be a rule of thumb, that if large group instruc-

tion is to consume 107. of the pupils' school week, then the average

gain for those pupils will be between 5% gind 10%.

D. Differences between pre-test and post-test scores indicate

that there was considerable diversity among individual pupils in

each grade level in the per cent gain made. Some pupils entered.

with 95% of the material unfamiliar and unknown to them As indicated

by the-pre-test and concluded the study with 957. of the materials

unfamiliar and unknown to them.
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There are some indications that those pupils may have developed

more misunderstandings than they had when they began instruction.

E. One group of youngsters entered with 907. to 957. of the

content unfamiliar and unknown to them as indicated by the pre-test,

and made gains of 207. to 307. as a result of the large group instruc-

tion. Another group entered with 507. to 607. of the content unfamil-

iar to them and concluded instruction with 507. to 60% of the content

unfamiliar to them. Another group entered instruction with 507.

to 607. of the content unfamiliar to them as indicated by the pre-

tests and conclude: the unit of instruction with 307. to 407. of

the material still unfamiliar to them.

5. Conclusions Resulting from Graphical Analysis of Data

A. Graphical analysis of the data provided additional checks

to enable the researcher to interpret changes in achievement which

occurred within classes.

B. Graphical analysis indicated that for the majority of the

classes, a normal distribution was a good approximation of the

distribution of pupils' scores before and after Instruction. How-

ever, several variations including log normal au.. skewed distri-

butions also were required in order to define explicitly the pat-

tern of scores within a given class.

C. Among those classes which had normal distributions on the

pre -teat and normal distributions on the post-test, the most fre-

quent pattern involved an increase in the median score from the

pre-test to the post-test accompanied by an increase in the slope
(average rate of change) and this was designated as hypothetical

case #6. This clearly indicated that the portion of the class

above the median on the pre-test made significantly larger gains

than did the portion of the class below the median on the pre-

test.

D. Among the classes having normal distributions on the

pre-test and normal distributions on the post-test, the second most

frequent pattern occurred in classes where the median score was

significantly increased on the post-test but the slope or average

rate of change was not substantially altered. This indicated that

the entire group made a significant change, but that the improve-

ments were distributed evenly throughout the entire class.

E. The largest number of patterns noted were those in which

a normal distribution occurred on the pre-test and a normal distri-

bution occurred on the post-test. There did not appear to be a

large concentration of other combinations involving normal, log
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normal, or skewed distributions.

F. When skewed distributions did occur, these were consistently

positively skewed distributions. For pupils in the middle and

high sosio-economic communities they never coincided with signifi-

cantly lower class scores as indicated by the analysis of variance.

However, when skewed distributions did occur for pupils in the

low socio-economic communities, they frequently did coincide with

significantly lower scores as indicated by the analysis of variance.

6. Implications of Study

A. One of the salient implications of this study was that the

conventional classroom requires a rather sophisticated information

system in order to approach reasonably efficient operation in

identifying individual patterns of pupils' thinking. Throughout

the school day, pupils are providing teachers with information

about themselves and with indicators to show how their instructional

program should be designed. However, teachers must rely upon rela-

tively crude techniques for collecting, analyzing, and retrieving

this information; therefore, these insights provided by pupils pass

relatively unnoticed.

This study clearly indicated that optical scanning equipment

can be utilized to encode categorical information about pupils'

understandings of science generalizations. Computer analysis of

these categorical responses enabled one to extract considerable

information from these responses. Computer printouts in English

can indicate the individual's understandings and misunderstandings.

With the storage and retrieval systems which presently exist, this

information about individuals or groups can be retrieved rapidly

and delivered to the classroom teacher to facilitate decision-

making.

It will take a substantial amount of time to develop ways

of determining which information is clearly relevant to the various

decisions which are made by teachers, as managers of the instruc-

tional program. However, considerable progress can be made with

existing "know how" and heuristic adaptations.

Without an adequate information system to collect and analyze

the tremendous amounts of information which consistently bombard

the classroom teacher, coupled with the voluminous burden of

clerical details, most teachers are forced to "pace" themselves

in order to survive the rigours of the teaching-learning situation

in contemporary classrooms.
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To be sure, classes can be assembled. Teachers can meet with

classes. Papers can be distributed, marked, scored, and grades

assigned. Television sets may be turned on and permitted to run

ad nauseam.

Undoubtedly, many pupils have been able to learn a great

deal under these circumstances and those types of pupils will con-

tinue to succeed in spite of the circumstances. However, the evidence

in this study suggests that with precise delineation of pupils' under-

standingsand misunderstandings in science, as well as in other cur-

riculum areas, it is possible to utilize our available technology

and our available human resources to enable pupils to achieve rates

of learning which would be exponential.

B. Another implication of this study relates to the use of the

science specialist in the Detroit Public Schools. In the judgement

of the researcher, the Detroit Public Schools have a reservoir of

the most able science specialists and the best equipped science

rooms in any urban school district in the nation. However, the time

and energies of these teachers is distributed over large numbers

of relatively young children, who in many cases are not living

under stable family conditions. Under these circumstances, the

science specialist cannot concentrate his talents upon the tasks

which he is uniquely equipped to undertake, i.e., teach science.

The evidence indicates that his efforts are comparable to the efforts

of other college graduates with modest preparation and study in

the physical and biological sciences.

It would seem to be appropriate to re-examine the role of science

in the elementary schools of Detroit. It might be, possible to utilize

television or films or other mass media, in order to release the science

teacher to work with fewer children and for longer periods of time.

It might be appropriate to consider excluding formal instruction in

science from some of the elementary school grades in order that the

talents of the science specialist can be brought to focus upon the

task of teaching science to fewer children.

It is a superficial assessment to think that because a class

of pupils meets with a science specialist for a certain number of

minutes per week.that they are learning "science and getting some-

thing beneficial in science instruction.

C. Another implication of this study is relevant to publishing

companies who prepare textbooks for the elementary schools. It

suggests that they reconsider the content of their textbooks, at

least for the three physical science topics touched upon in this

study and for the intermediate grade group of children. It seems

reasonable to inquire into the empirical basis for the content

which is normally included in the elementary school textbook

series. 107



It seems to this researcher that the publishers of elementary

school textbooks and their authors have enjoyed an immunity from

critical and penetrating appraisal of the evidence which supports

their publications. Since the leading science educationists have a
vested interest in improving the quality of these publications,

it seems appropriate that these science educators should take the

initiative by urging that intensive and representative research

be undertaken to establish valid and reliable evidence of the con-

tributions of their publications. Tremendous amounts of money

are being invested in the "education market". The results of

this study indicate that it is possible to collect evidence to
document the successes and the failures of science instruction in

representative classes of urban schools. In the judgement of this

researcher, it is important for curriculum committees,-who make
recommendations for purchasing one or more series of textbooks, to

ask for hard and persuasive evidence to indicate the usefulness

of these instructional materials with.specific groups of pupils.

D. Another implication of this study is for experimental groups
who are probing to discover new ways to improve teaching one or more
science topics to elementary school children. As mentioned previously,
this study has provided a set of "bench marks" which may be utilized
relative to the three topics in physical science which were presented

in this study. It may be that programmed instruction, computer-
assisted instruction, or one of the "process" o 4nted approaches

to teaching science will be able to improve substantially upon
the probability estimates which have been reported in the present

study. It may be that teaching one or more of these generalizations
for a prolonged period of time, i.e., three weeks, six weeks, three
months, may alter substantially the probability estimates which
have been reported. These probability estimates are certainly
not absolute standards to be adhered to rigidly, and such replica-
tions or extensions of this research would be welcomed by this
researcher.

7. Recommendations

A. It is recommended that a comprehensive study be undertaken

to provide similar "bench marks" to indicate the probable success
of teaching major. generalizations from other science disciplines,
i.e., biology, chemistry, asr.onomy, geology. Such a study would
seek to identify salient topics and generalizations in each of these
disciplines, following a procedure of documentation and consulta-
tion which was defined in the present study. These estimates should
be collected over a period of at least three years and such a
study should be undertaken soon.
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B.It is recommended that a pilot school be established in which

a computer-based information system, coupled with appropriate

microfilm storage and retrieval units, could be established to ex-

plore the effectiveness of diagnosing pupils' understandings and

misundetatandings and altering the instructional program so that

these understandings or misunderstandings could be dealt with ev-

plicitlyand on an individual basis. It is suggested that interviews

and similar evaluative techniques be employed to supplement multiple-

choice test questions which have been utilized by the researcher

in the past. This would provide an additional check or series of

checks upon the accuracy of the results and the conclusions.

C. Obviously, it would be desirable to have independent repli-

cations of the present study to indicate deficiencies or limitations

which the researcher has identified or neglected to indicate. Re-

plications of the same study in other urban centers such as New

York, Los Angeles, and Chicago could be very helpful and enlighten-

ing.

It would be valuable to have this study replicated but with

the addition of one or more of the promising and new approaches

to classroom instruction, i.e., computer-assisted instruction,

programmed instruction, Intensive studies of the same topic over

a long period of time should be conducted to determine the extent

to which these probability estimates may be altered by prolonged

instruction of the same topic.

D. It is recommended that further research be undertaken to

follow the error patterns which were explicitly identified in this

study. This study has only hinted at the persistent nature of the

gross misconceptions which characterized some pupils in the study.

It would be important to determine the extent to which these gross

misconceptions evolve into active interference with desirable learn-

ing patterns. Moreover, such studies should undertake to determine

the emotional loadings which accompany the persistence of uncorrected

error patterns. It seems to the writer that he would soon learn

to hate the subject called "science instruction," if he was forced

to attend classes where he consistently failed to comprehend what

the teacher was explaining or demonstrating or trying to help him

learn. The emerging instructional technology has the capability

of identifying these patterns of error so that instruction can be

directed precisely to the pupil's inadequacy or to a point which

will enable him to extend his proficiency.



VI. SUMMARY

AJ Problem - This study was concerned with the problems created

by a lack of empirical evidence to indicate which topics in the

physical and biological sciences can be taught to elementary school

children with reasonable expectation that they will understand,

retain, and use those ideas to interpret the world in which they

live. There is little empirical evidence to indicate which of

these science generalizations can be taught by using the available

teachers, time, and material resources which have been committed

to science education in the schools in Metropolitan Detroit.

Specifically, this study was concerned with identifying cer-

tain generalizations about simple machines, electrical energy,

and heat energy; and securing probability estimates that randomly

selected classes of pupils in Metropolitan Detroit would be able

to understand and retain those ideas.

B. Objectives of St_ - There were eight specific objectives

in this study.

1. Identify several valid and significant generalizations about

electricity, heat energy, simple machines.

2. Construct multiple-choice test items to provide estimates

of pupils' understanding of those generalizations.

3. Organize units of instruction for these topics and carry

out instruction with randomly selected classes in Metropolitan

Detroit.

4. Use item analyses of the unit tests to estimate probable

success of pupils in understanding these generalizations before

And after instruction.

5. Use these per cent correct responses to form probability

statements that other pupils in the population will understand

a specific generalization.

6. Provide estimates of the error of there probability state-

ments.

7. Arrange these probability statements and science generali-

zations in a form which could be readily used by curriculum plan-

ning groups throughout the nation.
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8. User a computer program and the empirically derived proba-

bility estimates to make tentative curriculum recommendations for

the classes in the participating schools.

C. Methods of Study

1. Generalizations were selected that were considered to be

appropriate for pupils in grades 4 through 8. Each statement was

documented as being significant according to its presence in one

of two college physics textbooks written by prominent physicists.

The statements were documented as being present in the textbooks

of prominent science educationsits. The statements were also docu-

mented as being valid and significant in the judgement of two of

the following consultants: university physicist, science supervisor,

and science teacher.

2. A stratified random sample was selected from the schools of

Metropolitan Detroit and this included approximately 1,200 pupils

in grades 4, 5, and 6. The pupils were selected according to

strata for the city of Detroit where science was taught by science

specialists and the suburbs where science was taught ordinarily by

a non-specialized classroom teacher. The strata included low,

middle, and high socio-economic school communities, in which the

low socio-economic community was composed primarily of Negro pupils.

The middle and high socio-economic communities were composed pri-

marily of Caucasian pupils.

3. Teachers were provided with an instructional plan, film-

strips, science kits of apparatus, and brief consultations with

the researcher to discuss the general plan of instruction. Teachers

were free to impliment the instruction according to their teaching

circumstances, but they agreed to fallow the unit plan in general.

The three units for simple machines, electrical energy, and heat

energy were pv.sented during the school year 1965-1966 to all inter-

mediate grade pupils in the sample.

4. Multiple-choice tests were written by the researcher for

each of the major ideas in the units of instruction. Research

assistants administered the pre-tests and post-tests. They also

adtminotered a retention rest three to five months after instruc-

tion had concluded for a given unit. Teachers were not present in

the classroom during any of the testing. Standardized tests of

reading comprehension, science achievement, and verbal intelligence

were also used.

A procedure known as "double precision" scoring was devised

by the researcher to score pupils' responses on the unit achieve-

ment tests. The researcher wrote a compweer program which would
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examine a pupil's response to an item on the unit test administered

before instruction as well as after instruction had concluded. The

pupil would be credited with a double precision correct response
on the pre-test, if he selected the same correct response to the

same test item before and after instruction. The program examined
the pupil's response to each item on the post-test and on the reten-

tion test. It credited the pupil with a correct response on the

post-test
)
if he selected the same correct response on the post-test

and on the retention test.

Validity of the test items was based upon the judgement of a
university physicist, a science supervisor, and a classroom teacher.
Reliability of each unit achievement test was estimated by a
Monte Carlo simulation procedure which was devised by the researcher.

An estimate of the probable error of each proportion has been
provided so that the reader may estimate the range for each proba-
bility statement with 907. confidence that the "true" proportion
or probability value lies within that range.

D. Results

1. The main results for this study are the three sets of
tables included in Appendices A, B, and C, which provide probability
estimates of intermediate pupils success in understanding major
ideas about simple machines, electrical energy, and heat energy.
Inspection of the correct responses indicates that there were at
least four distinct patterns: 1) For many items there was a con-
sistent improvement in the per cent correct responses from the pre-
testto the post-test for each unit achievement test. 2) For some
items there was a tendency for a higher probability of success to
occur for pupils in the higher grade groups, i.e., grade 6 over
grade5, grade 5 over grade 4. 3) There was a tendency on some of
the items for fifth and sixth grade pupils to be very similar in
Proportion of correct responses and be significantly higher than
pupils in the grade four sample. 4) There were items which had
a pattern indicating no significant increase in the proportion of

correct responses on the pre-test or on the post-test. In this

group, there. were items in which there was also no significant
difference between the probability of success of pupils in grades
4, 5, or 6.

2. A computer program was written by the researcher to provide
a diagnostic profile for a single individual according to his cor-

rest responses and his incorrect responses. This profile of under-
standings and misunderstandings could be printed in English state-
ments which could be read by the classroom teacher.
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3. The study revealed a pattern of error responses for pupils

and for groups of pupils. Some of the generalisations in each unit

were clearly misinterpreted before instruction as well as after

instruction. Moreover, these misconceptions were frequently retained

for three to five months after instruction had concluded.

When one considers the per cent correct responses to a test

item and the per cent incorrect responses to the same test item,

the double precision scoring prodedure revealed a substantial num-

ber of test items and corresponding science generalizations which

were unfamiliar or uncertain to t large proportion of the pupils who

received instruction in a given unit.

4. Pupils in classes receiving instruction from science special-

ists did not achieve substantially higher than pupils receiving

instruction from non-specialized teachers. Instruction typically

involved 25 to 40 pupils per class, three to five class periods per

week or approximately 107. of the pupils' week in school,

As long as the science specialist must co* d' tlaeim% under

the congested conditions prevelant in the Detroit Public Schools,

it seems to the researcher that he will not be able to assert his

talent and superior science background in teaching science to elem-

entary school pupils. It also seems evident that the science

specialist would be seriously handicapped in reaching the more subtle

and complex elements relating to the process goals of science.

5. The analysis of variance o the unit tests indicated that

pupils in low socio-ecuho %:4mmuti.ties scored significantly lower

than pupils in middle and high socio-economic groups who were in

the same grade group. The analysis of variance of standardized tests

indicated that pupils in low socio-economic communities did not

have the verbal language skills, i.e. skills in processing infor-

mation from written or spoken symbols, comparable with other pupils

in the same grade group.

6. Graphical analysis indicated that the normal distribution

was typical of the distribution of unit achievement scores -110hin

most of the classes before instruction as well as after instruction.

However, there were variations which involved log normal and s%ewed

distributiors.

Graphical analysis indicated'thaf the instructional program

enabled those pupils who was in the upper achievement level of

each class to improve substantially more than pupils in the lower

achievement level of a class. It was not determined whether this

tendency was implicit in the units' organisation, was characterised

by group instruction in classes.in Metropolitan Detroit, or was a
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product of these two elements and other influences.

7. There were high positive correlations among the double pre-
cision scores for the pre-test and post-test for the unit achieve-

ment tests. There was a moderate relationship between the standard-
ized tests of reading comprehension, science achievement, and verbal
intelligence with the unit achievement tests. For all of the stand-
ardised tests, the science achievement test had the highest positive
relationship to success on the unit achievement tests.

8. The differences between raw scores upon entering instruction
and concluding instruction provided estimates of the gains made by

pupils in the study. Some pupils entered the instructional program
with 80 to 90% of the material unknown and unfamiliar to them, as
indicated by their test responses. The gains varied between a loss
of 6% to gains as high as 40%. This study corroborates the wide
range of individual differences which have been alluded to in other

studies (82).

E. Recommendations

1. It is recommended that a computer-based information system
be established to impliment the ideas derived from the present
study. It is the writer's judgment that the information processing
tasks which are implicit in teaching science, as well as many other
topics in the elementary school curriculum, are tremendously com-
plicated. Substantial improvement in the efficiency and effecti-
veness of instruction will be achieved when instruction can be made
more explicit and directed toward individual differences rather than
toward group norms. It is important for the teacher to have reaction
and feedback from the pupil so that the teacher can alter instruc-
tion to help the individual.

2. This study provided "bench marks" to indicate the probable
success of pupils in understanding certain generalizations under
existing conditions, i.e. available teachere, time, curriuclum,
materials. It is recommended that a more comprehensive study be
undertaken very soon to provide other "bench marks" to indicate
the probable success of elementary school pupils to understand the
salient ideas implicit in biology, chemistry, astronomy, and geology
as well as other areas of the physical sciences. That study should
follow similar procedures of documentation and consultation used
in this study in order to minimize the errors and problems involved
in identifying main ideas and evaluating pupils' understanding of
those ideas..

3. It is recommended that independent replications of this
study be carried out in other urban centers to determine the extent
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to which the results derived from this study are supported or refuted

by an independent source. Such replications should be conducted
durirg 'the next three years. They would provide additional evidence
and a basis of comparison with the accomplishments of innovations
in computer-assisted instruction, program instruction, process
oriented instruction, and similar innovations which are being pro-
posed for the elementary school science program.

4. It is also recommended that further research be undcrtuken
to make a detailed examination of the error patterns, which have

been identified in this study. It would be important to know the
extent to which these misconceptions or error patterns have had an
impeding influence upon future learning of a particular topic.

5. Finally, it is recommended that publishers of textbooks
and other educational materials for the elementary school science
program be urged to collect adequate empirical evidence to document

the utility of their materials.
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Appendix A-1

Explanation of Tables Indicating Probable Success

in Understanding Generalizations

The following tables in Appendices A, B, and C provide double

precision estimates of the probable success of other intermediate

grade pupils in the population tol understand the major general-

izations which were presented to all pupils in this study.

Each major generalization is stated at the top of the table.

Directly beneath each generalization is the test item generaliza-

tion. The latter is derived from a test item which was written

to obtain an estimate of pupils' understanding of the major

generalization. The test item generalization is only one member

of a large number of test item generalizations which might be

subsume& under the major generalization.

Use of the tables in this appendix depends upon how much

the teacher or curriculum planner knows about the pupils who are

to be instructed. If the reader knows only that he has a class

of sixth grade pupils, then the probability that those pupils

will understand the test item generalization and its correspond-

ing major science generalization before instruction is listed in

the table at the first numeral enclosed in parentheses. The

probability that these pupils will understand and retain that

understanding of the test item generalization after instruction is

indicated by the second numeral enclosed in parentheses. The

evidence collected in this study has been directly related to

pupils' understandings of the test item generalization. The

inference that the pupils will undertand or not understand the

major generalization is based upon this evidence.

For example, suppose that a sixth grade teacher wanted to

have some idea whether or not his pupils understood the meaning

of work as the term is used by scientists. The generalization

(A6 Work is done when a force moves an object,Jhas two test

item generalizations which provide some evidence of the sixth

grade pupils' understanding of this generalization.

Table 31 indicates that before instruction 55% of the pupils

appeared to understand that when a pencil rested upon a desk, it

did not do work upon the desk. After instruction, 71% of the six-

th grade pupils apparently understood this idea about work.

It would be possible to enter into lengthy discussion of

the pupils' thinking and the other probability estimates in these

tables. However, the present purpose is simply to illustrate

the use of the two numerals enclosed in parentheses and arranged

in columns in the tables of the appendices.

124



A-2

If the reader had reliable information about the science

background, the reading proficiency, the verbal intelligence,

or socio-economic
background of his pupils, then a more precise

estimate of their success can be offered.

For pupils in each grade level with a high, middle, or low

background of science information, the second column in the tables

provides estimates of their probable success in understanding

each of the test item generalizations before instruction as well

as after instruction.

For pupils in each grade level with high, middle, or low

level of reading proficiency, the third column of figures provides

estimates of their probable success in understanding each test

item generalization before instruction as well as after instruction.

For pupils in each grade with a high, middle, or low level

of verbal intelligence, the fourth column in the tables provides

estimates that they will understand each of the test item general-

izations before instruction as well as after instruction has

concluded.

For pupils in each grade level who reside in low, middle or

high socio-economic communities, the pairs of numbers in the fifth

column provider estimates of their probable success in understand-

ing each of the test item generalizations before instruction as

well as after instruction.

Each of the sets of tables in which a major generalization is

related to a test item generalization:is to be interpreted in

much the same fashion as all of the other tables in the Appendices.

In using these tables the reader is making certain basic

assumptions which should be called to his attention. It is as-

sumed that the reader has a group of pupils who may legitimately

be considered to be members of the population of pupils defined

in this study, i.e., a) These pupils are in grades four, five, or

six (ages 9 years through 12 years) of public schools in Metro-

politan Detroit. b) These pupils received instruction in science

for approximately 120 minutes per week (about 107 of the school

week). c) These pupils received instruction in groups of 25 or

more pupils from competent teachers who may or may not have had

a special science background,

If the reader has pupils who satisfy these conditions, then

it is legitimate to use the probability estimates to project

their success in understanding and. retaining the generalizations

about simple machines, electrical energy and heat energy. On
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the other hand, the reader should use extreme caution in applying

these probability estimates to pupil populations who do not sat-

isfy one or more of the conditions mentioned above. Such an

extrapolation can be very misleading.

In conclusion, the reader is reminded that these are not

absolute standards. They are merely estimates of probable success,

"benchmarks" as it were. They are subject to fluctuation and

even reversal as was the case with fourth grade pupils on electri-

city generalization (A2). It is hoped that they may serve as

guides for curriculum planners to make judicious decisions about

planning the science education of pupils in the nine year to

twelve year age range. It is hoped that other researchers will

find these probability estimates useful as "benchmarks" in their

explorations of ways and means to improve children's understanding

of generalisations in the physical sciences.
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LIST OF GENERALIZATIONS ABOUT MACHINES
WITH CORRESPONDING TEST ITEMS

A. MECHANICAL ENERGY AND WORK

2. Mechalical energy is energy produced by a machine. (Test
Item 1)

3. Energy used to do work is not lost or destroyed but its
form may change. (Test Item 2)

5. A measure of work is the product of a force and the
distance through which,it moves. (Test Items 48, 49, 50)

6. Work is done when a force moves an object. (Test Items
3,4)

B. SIMPLE MACHINES -- LEVERS

5. In a second class lever, the load is between the effort
force and the fulcrum. (Test Item 5)

6. In a third class lever, the effort is between the fulcrum
and lout. (Test Item 6)

7. The load arm is the distance between the fulcrum and the
load. (Test Item 10)

8. The force arm is the distance between the fulcrum and the
effort force. (Test Item 11)

9. Pliers, bottle openers, brooms, baseball bats, and
shovels are examples of the lever. (Test Item 17)

10. When the force arm is longer than the load arm, a small
force moves a heavy load. (Test Items 12, 15, 18, 19)

11. When the force arm is longer than the load arm, the effort
force is moved a greater distance than the load. (Test Item 14)

12. When the force arm is as long as the load arm, no mech-
anical advantage is gained. (Test Items 8, 13, 16)

13. When the load arm is longer than the force arm, the load
travels farther than the effort force. (Test Item 9)
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15. When the load arm is longer than the force arm, the
effort must be greater than the load in order to move it. (Test
Item 7)

C. SIMPLE MACHINES--PULLEYS

1. A single fixed pulley needs a force larger than the load
to be lifted. (Test Items 20, 21, 22)

4. Elevators, hoists, steam shovels, and the painters'
scaffolds use pulleys. (Test Item 24)

5. A load is raised a short distance by a movable pulley,
but the lifting force must travel a long distance.. (Test Items
23, 25)

7. The number of strands in a pulley system indicates the
gain in lifting force. (Test Item 26)

D. SIMPLE MACHINE S- -WHEEL AND AXLE

1. When a wheel and axle is turned, a point on the rim of the
wheel travels farther than does a point on the rim of the axle.
(Test Items 27, 28, 33)

2. When a wheel and axle is turned, the edge of the wheel
travels faster than the edge of the axle. (Test Items 29, 30)

3. A small force on the wheel will move a heavy load on the
axle. (Test Item 31)

4. As the wheel becomes larger, it takes less force on the
Wheel to move the same load on the axle. (Test Items 32, 34)

E. SIMPLE MACHINES--INCLINED PLANE

1. An inclined plane is another kind of simple machine.
(Test Item 35)

3. Wedges and screws are special forms of the inclined
plane. (Test Item 36, 37)

F. FRICTION

1. Friction is a force resisting motion between two surfaces
in contact. (Test Items 38, 39, 40)

2. Friction produces heat. (Test Item 41)
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3. There is some friction in every machine when it is

being used. (Test Item 42)

5. Sliding friction is important in writing, walking,

running. (Test Item 43)

6. Fluid friction is important to objects traveling through

air, water, or other fluids. (Test Items 44, 46)

.7. Rolling friction is important to the use of automobiles,

roller skates, bicycles. (Test Items 45, 47)
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l
i
z
a
t
i
o
n
:

od
e

L
e
v
e
l

6
(
2
8
,

4
8
)

a
r

5
(
1
4
,

3
4
)

4
(
1
0
,

2
5
)

S
c
i
e
r
)
a
t
a
l
g
c
 
d
.

H
i
g
h
 
(
4
2
,
 
7
0
)

M
i
d
.
 
(
2
5
,
 
4
4
)

L
o
w

(
1
0
,
 
3
2
)

H
i
g
h
 
(
2
8
,
 
4
2
)

M
i
d
.
 
(
1
0
,
 
3
0
)

L
o
w

(
0
3
,
 
1
5
)

H
i
g
h
 
(
-
-
,
 
-
-
)

M
i
d
.
 
(
1
2
,
 
2
2
)

L
o
w

(
-
-
,
 
-
-
)

1
7
.

I
f
 
i
t
 
i
s
 
a
 
s
h
o
v
e
l
 
o
r
 
c
r
o
w
b
a
r
 
o
r
 
h
a
m
m
e
r
,
 
t
h
e
n
 
i
t
 
m
a
y
 
b
e
 
u
s
e
d
 
a
s
 
a

l
e
v
e
r
.

I
n
f
o
r
m
a
t
i
o
n
 
K
n
o
w
n
 
A
b
o
u
t
 
P
u
p
i
l
s

R
e
a
d
i
n
g
 
C
o
m
p
;

I
n
t
e
l
.
 
Q
u
o
t
i
e
n
t

S
o
c
-
E
c
o
n
.
 
L
e
v
e
l

H
i
g
h
 
(
4
9
,
 
7
1
)

H
i
g
h
 
(
4
5
,

6
1
)

H
i
g
h
 
(
3
6
,
 
5
:
)

M
i
d
.
'
(
3
2
,
 
5
1
)

M
i
d
.

(
2
0
,

4
3
)

M
i
d
.

(
2
8
,

4
7
)

L
o
w

(
1
1
,
 
3
3
)

L
o
w

(
0
9
,

3
2
)

L
o
w

(
1
1
,

3
0
)

H
i
g
h
 
(
2
6
,
 
3
6
)

H
i
g
h
 
(
2
5
,

5
0
)

H
i
g
h
 
(
2
4
,

3
7
)

M
i
d
.
 
(
1
0
,
 
3
1
)

M
i
d
.

(
1
0
,

2
7
)

M
i
d
.

(
1
2
,

3
4
)

L
o
w

(
0
8
,
 
2
6
)

L
o
w

(
0
3
,

1
4
)

L
o
w

(
0
7
,

2
4
)

H
i
g
h
 
(
-
-
,
 
-
-
)

H
i
g
h
 
(
1
3
,

3
7
)

H
i
g
h
 
(
1
1
,

3
3
)

M
i
d
.
 
(
1
0
,
 
2
6
)

M
i
d
.

(
1
1
,

2
3
)

M
i
d
.

(
1
4
,

2
8
)

L
a
w

(
0
8
,
 
1
9
)

L
o
w

.
)

L
o
w

(
0
1
,

0
4
)

*
F
i
r
s
t
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
 
i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
b
e
f
o
r
e
 
i
n
s
t
r
u
c
t
i
o
n
 
(
s
u
c
c
e
s
s
 
o
n
 
M
1
2
)
.

S
e
c
o
n
d
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
 
i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
a
f
t
e
r
 
i
n
s
t
r
u
c
t
i
o
n

s
u
c
c
e
s
s
 
o
n
 
M
2
3
)
.
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U
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D
E
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T
A
N
D
I
N
G
 
O
F
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S
 
A
B
O
U
T
 
M
A
C
H
I
N
E
S
*

G
e
n
e
r
a
l
i
z
a
t
i
o
n
:

B
1
0
.

W
h
e
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
l
o
n
g
e
r
t
h
a
n
 
t
h
e
 
l
o
a
d
 
a
r
m
,
 
a
 
s
m
a
l
l

f
o
r
c
e
 
m
o
v
e
s
 
a

h
e
a
v
y
 
l
o
a
d
.

T
e
s
t
 
I
t
e
m
 
G
e
n
e
r
a
l
i
z
a
t
i
o
n
:

1
2
.

I
f
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
l
a
r
g
e
r
 
t
h
a
n
t
h
e
 
l
o
a
d
 
a
r
m
 
a
n
d
 
t
h
e
 
f
o
r
c
e

i
s
 
g
r
e
a
t
e
r

t
h
a
n
 
t
h
e
 
l
o
a
d
,
 
a
n
d
 
t
h
e
 
f
o
r
c
e
h
a
s
 
m
o
v
e
d
 
a
s
 
f
a
r
 
a
s
 
i
t
 
c
a
n

t
h
a
n
 
t
h
e

l
o
a
d
 
w
o
n
'
t
 
b
e
 
m
o
v
e
d
.

62
n

I
n
f
o
r
m
a
t
i
o
n
 
K
n
o
w
n
 
A
b
o
u
t
 
P
u
 
i
l
s

f
a
t
i
a
t

L
e
v
e
l

6
 
(
1
0
,

5
 
(
0
7
,

4
 
(
0
3
,

1
4
)

S
c
i
e
n
c
e
 
B
k
s
t
d
.

R
e
a
d
i
n
g
 
C
o
o
p
.

I
n
t
e
l
.
 
Q
u
o
t
i
e
n
t

S
o
c
-
E
c
o
n
.
 
L
e
v
e
l

H
i
g
h
 
(
1
1
,
 
2
2
)

M
i
d
.
 
(
1
0
,
 
1
2
)

L
o
w

(
0
8
,
 
0
9
)

H
i
g
h
 
(
1
7
,
 
2
3
)

M
i
d
.
 
(
0
8
,
 
1
3
)

L
o
w

(
0
8
,
 
1
2
)

H
i
g
h
 
(
1
1
,
 
1
7
)

M
i
d
.
 
(
0
8
,
 
1
4
)

L
o
w

(
0
7
,
 
0
6
)

H
i
g
h
 
(
0
6
,
 
1
4
)

M
i
d
.
 
(
1
1
,
 
1
6
)

L
o
w

(
1
1
,
 
0
3
)

1
0
)

H
i
g
h
 
(
1
7
,
 
1
5
)

M
i
d
.
 
(
0
6
,
 
0
8
)

L
o
w

(
0
8
,
 
0
6
)

H
i
g
h
 
(
1
2
,
 
1
7
)

M
i
d
.
 
(
0
6
,
 
1
1
)

L
o
w

(
0
8
,
 
0
8
)

H
i
g
h
 
(
0
9
,
 
1
4
)

M
i
d
.
 
(
0
7
,
 
1
1
)

L
o
w

(
0
5
,
 
0
9
)

H
i
g
h
 
(
0
9
,
 
l
e

M
i
d
.
 
(
0
7
,
 
1
0
)

L
o
w

(
0
7
,
 
0
2
)

0
7
)

H
i
g
h
 
(
-
-
,
 
-
-
)

M
i
d
.
 
(
0
4
,
 
1
0
)

L
o
w

(
-
-
,
 
-
-
)

H
i
g
h
 
(
-
-
,
 
-
-
)

M
i
d
.
 
(
0
3
,
 
0
7
)

L
o
w

(
0
1
,
 
0
3
)

H
i
g
h
 
(
0
9
,
 
0
7
)

M
i
d
.
 
(
0
2
,
 
0
9
)

L
o
w

(
-
-
,

H
i
g
h
 
(
0
1
,
 
0
5
)

M
i
d
.
 
(
0
4
,
 
O
S
)

L
o
w

(
0
3
,
 
0
4
)

*
F
i
r
s
t
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s

i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
b
e
f
o
r
e

i
n
s
t
r
u
c
t
i
o
n
 
(
s
u
c
c
e
s
s

S
e
c
o
n
d
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
a
f
t
e
r

i
n
s
t
r
u
c
t
i
o
n
 
(
s
u
c
c
e
s
s

o
n
 
M
1
2
)
.

o
n
 
N
2
3
)
.
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a
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n
:

B
1
0
.

W
h
e
n

O
F
 
P
U
P
I
L
S
'
 
U
N
D
E
R
S
T
A
N
D
I
N
G
 
O
F

G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S
 
A
B
O
U
T
 
M
A
C
H
I
N
E
S
*

t
h
e
 
l
o
a
d
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e

f
o
r
c
e
 
a
r
m
,
 
t
h
e
 
l
o
a
d
 
t
r
a
v
e
l
s

f
a
s
t
e
r

t
h
e
 
e
f
f
o
r
t
 
f
o
r
c
e
.

1
5
.

I
f
 
t
h
e
 
l
o
a
d
 
a
r
m
 
o
f
 
a
 
l
e
v
e
r
 
i
s

l
o
n
g
e
r
 
t
h
a
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
,

t
h
e
n

t
h
e
 
l
o
a
d
 
t
r
a
v
e
l
s
 
f
a
s
t
e
r
 
t
h
a
n

t
h
e
 
f
o
r
c
e
.

A
-
2
1

t
h
a
n

T
e
s
t
 
I
t
e
m
 
G
e
n
e
r
a
l
i
z
a
t
i
o
n
:

I
n
f
o
r
m
a
t
i
o
n
 
K
n
o
w
n
 
A
b
o
u
t
 
P
u
 
i
l
s

S
c
i
e
n
c
e
 
S
k
g
d
,

R
e
a
d
i
n
g

C
om

p.
I
n
t
e
l
.
 
q
u
o
t
i
e
n
t

S
o
c
-
E
c
o
n
.
 
L
e
v
e
l

L
e
v
e
l

H
i
g
h
 
(
1
2
,
 
1
4
)

M
i
d
.
.
 
(
1
4
,
 
1
7
)

L
o
w

(
1
2
,
 
1
1
)

H
i
g
h
 
(
1
6
,
 
1
6
)

M
i
d
.
 
(
1
3
,
 
1
4
)

L
o
w

(
0
7
,
 
0
3
)

H
i
g
h
 
(
1
6
,

M
i
d
.
 
(
1
2
,
 
1
6
)

L
o
w

(
1
4
,
 
0
5
)

H
i
g
h
 
(
1
4
,
 
1
8
)

6
 
(
1
3
,
 
1
5
)

M
i
d
.
 
(
1
4
,
 
1
6
)

L
o
w

(
1
0
,
 
1
0
)

t-
B

H
i
g
h
 
(
1
4
,
 
1
7
)

5
 
(
1
2
,
 
1
3
)

M
i
d
.
 
(
1
4
,
 
1
4
)

L
o
w

(
0
5
,
 
0
4
)

H
i
g
h
 
(
1
0
,
 
1
1
)

M
i
d
.
 
(
1
6
,
 
1
4
)

L
o
w

(
0
9
,
 
0
5
)

H
i
g
h
 
(
1
6
,
 
1
7
)

M
i
d
.
 
(
1
2
,
 
1
3
)

L
o
w

(
0
5
,
 
0
5
)

H
i
g
h
 
(
0
9
,
 
1
6
)

M
i
d
.
 
(
1
5
,
 
1
2

L
o
w

(
0
9
,
 
1
0

H
i
g
h
 
(
-
-
,
 
-
-
)

4
 
(
0
5
,
 
1
1
)

M
i
d
.
 
(
0
4
,
 
1
2
)

L
o
w

(
-
-
,
 
-
-
)

H
i
g
h
 
(
 
-
 
-
,
 
-
-
)

M
i
d
.
 
(
0
6
,
 
1
2
)

L
o
w

(
0
4
,
 
0
8
)

H
i
g
h
 
(
0
9
,
 
1
1
)

M
i
d
.
 
(
0
4
,
 
1
1
)

L
o
w

(
-
-
,

H
i
g
h
 
(
0
1
,
 
1
9
)

M
i
d
.
 
(
0
8
,
 
1
0
)

L
a
w

(
0
3
,
 
0
4
)

*
F
i
r
s
t
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s

i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
b
e
f
o
r
e
 
i
n
s
t
r
u
c
t
i
o
n

(
s
u
c
c
e
s
s
 
o
n
 
1
4
1
2
)
.

S
e
c
o
n
d
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s
i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
a
f
t
e
r
 
i
n
s
t
r
u
c
t
i
o
n

(
s
u
c
c
e
s
s
 
o
n
 
N
2
3
)
.
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U
N
D
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T
A
N
D
I
N
G
 
O
F
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S
 
A
B
O
U
T

M
A
C
H
I
N
E
S
*

G
e
n
e
r
a
l
i
z
a
t
i
o
n
:

B
1
0
.

W
h
e
n

t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
l
o
n
g
e
r

t
h
a
n
 
t
h
e
 
l
o
a
d
 
a
r
m
,
 
a
 
s
m
a
l
l

f
o
r
c
e
 
m
o
v
e
s
 
a

l
o
a
d
.

1
8
.

I
f
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
o
f
 
a

l
e
v
e
r
 
i
s
 
m
a
d
e
 
l
o
n
g
e
r
,

t
h
e
n
 
t
h
e
 
l
o
a
d
 
i
s

e
a
s
i
e
r
 
t
o
 
m
o
v
e
.

A
-
2
2

h
e
a
v
y

T
e
s
t
 
I
t
e
m
 
G
e
n
e
r
a
l
i
z
a
t
i
o
n
:

I
n
f
o
r
m
a
t
i
o
n
 
K
n
o
w
n
 
A
b
o
u
t

P
u
p
i
l
s

Z
a
k

L
e
v
e
l

1
3
)

S
c
i
e
n
c
e
 
B
k
g
d
.

R
e
a
d
i
n
g
 
C
o
r
p
.

I
n
t
e
l
.
 
Q
u
o
t
i
e
n
t
,

S
a
c
 
-
E
c
o
n
.
 
L
e
v
e
l

H
i
g
h
 
(
0
6
,
 
1
1
)

M
i
d
.
 
(
0
8
,
 
1
8
)

L
o
w

(
0
5
,
 
0
9
)

H
i
g
h
 
(
0
8
,
 
1
8
)

M
i
d
.
 
(
0
7
,
 
1
3
)

'
L
o
w

(
0
6
,
 
1
0
)

H
i
g
h
 
(
0
8
,

M
i
d
.
 
(
0
6
,

L
o
w

(
0
5
,

1
6
)

1
2
)

0
3
)

H
i
g
h
 
(
0
7
,
 
1
4
)

M
i
d
.
 
(
0
7
,
 
1
4
)

L
o
w

(
0
6
,
 
0
5
)

6
(
0
7
,

5
(
0
5
,

1
1
)

H
i
g
h
 
(
0
5
,
 
0
9
)

M
i
d
.
 
(
0
6
,
 
1
5
)

L
o
w

(
0
4
,
 
0
8
)

H
i
g
h
 
(
0
7
,

M
i
d
.
 
(
0
5
,

L
o
w

(
0
4
,

1
4
)

1
1
)

1
0
)

H
i
g
h
 
(
0
6
,

M
i
d
.
 
(
0
6
,

L
o
w

(
0
1
,

1
1
)

1
3
)

0
1
)

H
i
g
h
 
(
0
8
,
 
1
5
)

M
i
d
.
 
(
0
4
,
 
1
0
)

L
o
w

(
0
6
,
 
0
6
)

4
(
0
2
,

0
9
)

H
i
g
h
 
(
-
-
,
 
-
-
)

M
i
d
.
 
(
0
2
,
 
0
9
)

L
o
w

(
-
-
,
 
-
-
)

H
i
g
h
 
(
-
-
,
 
-
-
)

M
i
d
.
 
(
0
1
,
 
1
2
)

L
o
w

(
0
2
,
 
0
3
)

H
i
g
h
 
(
0
4
,

M
i
d
.
 
(
0
2
,

L
o
w

f
-
,

1
5
)

0
9
) )

H
i
g
h
 
(
0
1
,
 
1
0
)

M
i
d
.
 
(
0
4
,
 
1
1
)

L
o
w

(
0
1
,
 
O
D

*
F
i
r
s
t
 
n
u
m
e
r
a
l
 
i
n
p
a
r
e
n
t
h
e
s
e
s
 
i
n
d
i
c
a
t
e
s

p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
b
e
f
o
r
e

i
n
s
t
r
u
c
t
i
o
n
 
(
s
u
c
c
e
s
s
 
o
n
 
M
I
2
)
.

S
e
c
o
n
d
 
n
u
m
e
r
a
l
 
i
n
p
a
r
e
n
t
h
e
s
e
s
 
i
n
d
i
c
a
t
e
s

p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
a
f
t
e
r

i
n
s
t
r
u
c
t
i
o
n
 
(
s
u
c
c
e
s
s
 
o
n
M
2
3
)
.
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c
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c
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c
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c
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:
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c
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.
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.
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.
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i
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.
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.
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,
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)
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i
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i
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i
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)
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i
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i
g
h
 
(
0
9
,

1
9
)

H
i
g
h
 
(
2
1
,

2
9
)

4
(
1
6
,

2
3
)

M
i
d
.
 
(
1
7
,
 
2
4
)

M
i
d
.
 
(
2
0
,
 
2
5
)

M
i
d
.
 
(
2
3
,

2
6
)

M
i
d
.
 
(
1
8
,
 
2
Z
)

L
o
w

(
-
-
,
 
-
-
)

.
t
o
w

(
0
8
,
 
2
2
)
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i
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f
 
t
h
e
 
l
o
a
d
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r
m
 
o
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l
e
v
e
r
 
i
s
 
l
o
n
g
e
r
 
t
h
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n
 
t
h
e
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o
r
c
e
 
a
r
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t
h
e
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t
h
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o
a
d
 
t
r
a
v
e
l
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a
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t
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e
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h
a
n
 
t
h
e
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o
r
c
e
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t
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n
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r
a
l
i
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:
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n
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o
r
m
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t
i
o
n
 
K
n
o
w
n
 
A
b
o
u
t
 
P
u
 
i
l
s

c
a
l
k

L
e
v
e
l

S
c
i
e
n
c
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i
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.
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i
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.
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.
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.
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)
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v
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i
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H
i
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H
i
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.
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.
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.
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.
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i
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i
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i
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.
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.
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.
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.
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-
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i
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p
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b
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c
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b
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r
c
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f
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e
v
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r

i
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o
r
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c
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o
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:
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w
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p
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c
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.
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.
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.
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.
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i
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.
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i
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.
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.
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.
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.
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.
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.
 
(
1
3
,

L
o
w

(
-
-
,

3
3
)

1
9
)

-
-
)

H
i
g
h
 
(
1
1
,

M
i
d
.
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i
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p
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b
e
f
o
r
e

i
n
s
t
r
u
c
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c
e
s
s
 
o
n
 
M
I
2
)
.

S
e
c
o
n
d
 
n
u
m
e
r
a
l
 
i
n
 
p
a
r
e
n
t
h
e
s
e
s

i
n
d
i
c
a
t
e
s
 
p
r
o
b
a
b
l
e
 
s
u
c
c
e
s
s
 
a
f
t
e
r

i
n
s
t
r
u
c
t
i
o
n
 
(
s
u
c
c
e
s
s
 
o
n
 
M
2
3
)
.



T
a
b
l
e
 
4
7

P
R
O
B
A
B
I
L
I
T
Y
 
E
S
T
I
M
A
T
E
S
 
O
F

P
U
P
I
L
S
'
 
U
N
D
E
R
S
T
A
N
D
I
N
G
 
O
F
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

A
B
O
U
T
 
M
A
C
H
I
N
E
S
*

G
e
n
e
r
a
l
i
z
a
t
i
o
n
:
 
C
l
.

A
 
s
i
n
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l
e
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i
x
e
d
 
p
u
l
l
e
y
 
n
e
e
d
s
 
a

f
o
r
c
e
 
l
a
r
g
e
r
 
t
h
a
n
 
t
h
e
 
l
o
a
d
 
t
o

b
e
 
l
i
f
t
e
d
,
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T
e
s
t
 
I
t
e
m
 
G
e
n
e
r
a
l
i
z
a
t
i
o
n
:

2
0
.

I
f
 
a
 
o
n
e
-
s
t
r
a
n
d
 
p
u
l
l
e
y
 
i
s

u
s
e
d
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t
h
e
 
l
o
a
d
 
t
r
a
v
e
l
s
 
t
h
e
 
s
a
m
e

d
i
s
t
a
n
c
e
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h
e
 
f
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r
c
e
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i
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i
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,
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,
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,
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i
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.
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Appendix B1

LIST OF GENERALIZATIONS ABOUT ELECTRICITY
WITH CORRESPONDING TEST ITEMS

A. ELECTRICAL ENERGY

2. Electrical energy is produced by the flow of charged
bodies. (Test Item 21)

3. The energy from light, heat, mechanical forces, or chemi-
cal action may be changed to electrical energy. (Test Item 19)

B. STATIC ELECTRICITYATOMIC STRUCTURE

1. All matter is made of atoms. (Test Item 18)

2. Every atom has a nucleus. (Test Items 22, 5)

3. Around each nucleus of an atom are electrons. (Test
Items 2, 3)

4. The nucleus of an atom has a positive electrical charge.
(Test Item 4)

5. The electrons around the nucleus have a negative charge.
Test Item 1)

6. A neutral substance becomes positively charged when it
gives up electrons. (Test Items 12, 9)

7. A neutral substance becomes negatively charged when it
takes on additional electrons. (Test Items 11, 8)

8. Neutral objects are neither positively nor negatively
charged. (Test Item 6)

9. Like electrical charges repel each other, but unlike
electrical charges attract. (Test Items 7, 10)

C. STATIC ELECTRICITYELECTRICAL CHARGES

1.

materials

2.

material

Some materials readily give up electrons, while other
readily capture electrons. (Test Items 13, 15)

Electricity produced by rubbing one material with another
is called static or frictional electricity. (Test Item 16)
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3. Electrical charges collect on the surface of a material.

(Test Item 17)

5. Neutral objects can be attracted by either positively or

negatively charged objects. (Test Item 14)

D. CURRENT ELECTRICITY--OPEN AND CLOSED CIRCUITS

1. When electrons move along a conductor, an electric cur-

rent is produced. (Test Item 20)

3. An electric circuit contains a source of electrical

energy and a path through which the current may flow. (Test Items

25, 26)

4. A closed circuit has no gaps in the path of the current

of electricity. (Test Items 24, 30)

6. An electric circuit may be connected in series or in

parallel. (Test Items 27, 28, 29)

E. CURRENT ELECTRICITY--CONDUCTORS AND NON-CONDUCTORS

1.. All materials offer some resistance to an electric current.

(Test Item 37)

2. An electric current flows easily along good conductors

of electricity. (Test Item 32)

5. When an electric current flows along a wire, the wire

is heated. (Test Items 38, 39)

6. In electrical heating appliances a current is sent along

a wire which is a poor conductor. (Test Items 35, 36)

7. When a large electric current flows along a wire which

is a poor conductor, it may become hot enough to give off light.

(Test Item 40)

F. CURRENT ELECTRICITY--DIRECT CURRENT AND ALTERNATING CURRENT

1. The chemical changes in an electric cell provide an ex-

cess of electrons at the negative terminal and few electrons at the

positive terminal. (Test Items 31, 34)

2. The increase of electrons at a terminal forms a force

which moves electrons along a conductor. (Test Item 33)
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3. Electrons from the negative terminal of a cell will

readily flow along a conductor tending to equalize the number of

electrons at each terminal. (Test Item 44) 43)

4. Since current produced by a cell flows in one direction

only, it is called direct current. (Test Item 47)

5. Alternating currents flow first in one direction and then

in the opposite direction. (Test Item 50)

6. Electricity from a generator may be either direct curre

(DC) or, alternating current (AC). (Test Item 45)

7. Electric current may be used to: heat or cook, make

light, send messages, and run machines. (Test Item 23)

G. ELECTROMAGNETS

1. Moving a solid conductor through a magnetic fie

generate an electric current. (Test Items 41, 42)

3. An electromagnet consists of a piece of iron

coil of wire, along which a current of electricity is

Item 48)

6. An electromagnet has considerable force

the electric current is flowing. (Test ILem 49)

7. Electromagnets are important parts of

(Test Item 46)
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Appendix C-1

LIST OF GENERALIZATIONS ABOUT HEAT WITH CORRESPONDING
TEST ITEMS

A. MATTER AND HEAT ENERGY

4. In a solid, molecules are held close together by mutual
attraction. (Test Item 2)

5. In a liquid, molecules are able to flow past one another.
(Test Item 3)

6. In a gas, molecules are relatively far apart. (Test Item
1)

7. Heat energy is the energy of motion of the molecules of a
body. (Test Item 6)

8. The sun transfers a great deal of heat energy to earth.
(Test Item 5)

9. Chemical changes, electricity, and friction are common
sources of heat. (Test Item 7)

B. MEASURING HEAT ENERGYTEMPERATURE, THERMOMETERS

3. Temperature is a measure of average energy of the motion
of molecules in a material. (Test Item 4)

4. Temperature is not a measure of total amount of heat in a
material. (Test Items 8, 9)

7. The fluid in a thermometer indicates temperature changes
by expanding when heated and contracting when cooled. (Test
Item 50)

8. The Fahrenheit scale and Centigrade scale are two common
ways of marking thermometers. (Test Items 10, 11, 35, 36, 37)

C. EXPANSION AND CONTRACTION

1. Most matter expands when it is heated and contracts when it
is cooled. (Test Items 26, 38)

2. Removing heat from water cause it to contract until 4°C
and then water expands until 0°C. (Test Items 42, 43, 48)
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C-2
3. Adding heat increases the speed of the molecules in a

substance. (Test Items 13, 44)

4. A solid may be changed to a liquid or gas by
energy, (Test Items 12, 16, 23, 40)

5. Removing heat from e substance will decrease
the molecules. (Test Item 39)

adding heat

the speed of

6. Removing heat from a material will cool it. (Test Item 14)

8. Evaporation is an important way to cool something. (Test

Items 17, 18)

D. TRANSFER OF HEAT ENERGY

1. It is natural for heat to travel from a hot region to a
cooler region. (Test Items 15, 31)

2. Although heat energy may change its form, it is never lost
in moving from one form or place to another. (Teat Item 20)

Z. TRANSFER OF HEAT ENERGY -- CONDUCTION

1. Heat may be transferred by conduction, convection, or
radiation. (Test Item 25)

2. In conduction, heat energy is transferred from one mole-
cule to another. (Test Item 45)

4. Metals conduct heat better than liquids or gases. (Test
Item 27)

5. There are some materials through which heat does not
travel easily and they are poor conductors of heat or insulators.
(Test Item 29)

6. Paper, water, air, and glass are often used as insulators.
(Test Items 30, 33)

8. An insulator keeps most of the heat from moving into a
cooler region. (Test Item 34)

F. TRANSFER OF HEAT ENERGY -- CONVECTION

1. Convection is the transfer of heat energy of molecules in
moving currents of fluids. (Test Items 22, 24)
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2. Convection currents in fluids are created when the lighter

parts of a fluid are forced upward by cooler and heavier parts

which gravity forces downward. (Test Items 28, 32)

5. Atmospheric circulation and ordinary ventilation depend

upon convection currents. (Test Items 21, 46)

G. TRANSFER OF HEAT ENERGY --RADIATION

1. Radiation is emitted by almost all materials. (Test Item

49)

3. Energy from the sun travels to earth by radiation. (Test

Items 19, 47)

6. Dark objects absorb radiant energy. (Test Item 41)
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Appendix D-1

Instructions for Using Confidence Belts in Appendix D

to Estimate Probable Error of a Proportion

The first table at the front of Appendices A, B, or C

indicates the number of pupils used to calculate the probability

estimates which are cited in each of the remaining tables in the

appendix. Each of the probability estimates is a percent or

proportion which indicated the percent of youngsters in a given

grade level who had demonstrated that they could understand a

particular generalization before instruction and retain that

understanding for three to five months after instruction had

concluded. These were empirically derived estiwates.

The graphs in Figure 9 provide a means of determining how

accurate each of those percents or proportions may be. The

vertical axis or ordinate on the left is arranged with an increas-

ing scale from zero to 84% and it is appropriate to use with the

percent estimates on the bottom axis which range from zero to 48%.

The numbers on the vertical axis on the right start with 96% at

the bottom and decrease to 16% at the top of the figure. They

are to be used with the percent correct responses listed on the

horizontal axis at the top at Figure 9 , which ranged from 32%

to 96%.

The curves in the middle indicate the sample size used in

estimating the range of accuracy. For example, suppose that a

given proportion indicated the probable success before instruction

was 26%. The first step in using the figure is to determine how

many pupils were used in computing this estimate. Let us assume

that 200 pupils were used in computing that estimate of 26%.

Since the 26% is less than 50% the bottom horizontal axis would

be used and the reader would find 26% on the bottom horizontal

axis between 24% and 2824 Next, follow that 26% line upward until

it crosses the curve indicated for a sample size of 200. At the

point where the 26% line crosses the 200 sample size, trace the

horizontal line to the left where the vertical axis indicates

20%. This indicates that the true proportion may drop as low as

20%. Continue to follow the vertical 26% line upward until it

crosses the next curve in which the sample is also 200 and it

indicates the upper limit of the proportion. The upper limit is

between 32% and 3414 Therefore a rough estimate is that the pro-

portion of 26% may range as high as 33%.

Here, then, are the limits of the proportion 26%. That pro-

portion may range as high as 33% or it may drop as low as 20%.

The reader may be confident that 90 times out of 100, the true

proportion will range within that interval.
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Appendix F-1
INSTRUCTION GIVEN TO CONSULTANTS TO

GUIDE SELECTION OF SIGNIFICANT SCIENCE CONCEPTS

Identifying the significant ideas in physical science is
largely a matter of judgement and open to dispute. In such an
undertaking, one must consider the present state of the physical
sciences and try to anticipate which ideas will be particularly
fruitful now and in decades ahead. This is indeed an imposing
task.

Identifying the significant ideas in physical sciences which
will help the elementary school pupil understand and interpret his
present and future environment is equally formidable.

In order to achieve some modis operandi, the field of selection
has been restricted to three topics: simple machines, electrical
energy, heat energy. Next, a set of three conditions was specified
in order to define a significant idea. A concept was considered
significant if it satisfied all three of the conditions:

1) A concept was considered significant in terms of physical
science if it was discussed or explained in one or both of the
following texts:

a) Harvey White; Modern Collese Physics, D. Van Nostrand
Co.; 1956

b) George Gamow and John Cleveland; Physics: Foundations
& Frontiers, Prentice-Hall; 1960.

2) A concept was considered significant for children if it was
discussed or explained in one or more of the following textbooks
for pupils in grades four through eight:

a) B. Parker; Machines, Row, Peterson & Co.; 1959
b) B. Parker; Thermometers, Row, Peterson & Co.; 1959
c) B. Parker; Electricity, Row, Peterson & Co.; 1959
d) C. Trexler, et. al.; ABC Science Series, books 5 and 6,

American Book Co.; 1961
e) W. Beauchamp, et. al.; Discovering Our World, book 2,

Scott, Foresman & Co.; 1957
f) S. Blanc, et. al.; Modern Science, books 2 and 3, Holt

Rinehart, & Winston; 1.963.

3) At least two authorities in physical science and/or science
education concur in the judgement'that the concept is significant.
The consulting authorities were:

a) Dr. Vaden Miles, Professor of Physics, Wayne Stare
University.
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F-2
b) Mr. Mario Motter, Elementary Science Supervisor, Exact

Science Dept., Detroit Public Schools
c) Dr. Norval Scott, Science Teacher, Detroit Public

Schools.

The enclosed listing is the result of this screening process.

It is believed that these ideas satisfy conditions one and two.

You are being asked to answer the following two questions.

a) In your judgement, are these valid statements?

b) In your judgement, do these statements represent significant
aspects of the topic?

Please feel free to recommend removal or re-statement of any
idea included in the listing. For your information, a source and
page number is included for each concept. This indicates specifi-
cally where the idea stated or was implicit in the authors' remarks.
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GENERALIZTIONS ABOUT SIMPLE MACHINES USED IN UNIT WITH THEIR

DOCUMENTATION IN COLLEGE PHYSICS TEXTS AND
K-12 SCIENCE TEXTBOOK SERIES*

A. MECHANICAL ENERGY AND WORK

1. Energy is the ability to do work. (HRW, W128, G62)

2. Mechanical energy is energy produced by a machine. (HRW,

W149)

3. The energy used to do work is not lost or destroyed but
its form may be changed. (HRW, W134, G62)

4. A force is a push or pull in some direction. (HRW, W134,
G62)

5. A measure of work is the product of a force and the dis-
tance through which it moves. (HRW, W124, G61)

6. Work is done when a force moves an object. (HRW, W124,
G61)

B. SIMPLE MACHINES--LEVERS

1. A machine makes it easier to do work. SF, W149)

2. A lever is one kind of simple machine. (RP, W149)

3. Many machines are made by using two or more simple mac
hines together. (RP, W149)

4. In a first class lever, the fulcrum is between the load
and the effort force. (WRW, W142)

5. In a second class lever, the load is between the effort
force and the fulcrum. (HRW, W142)

Legend: Letters and numerals in parentheses refer to following
texts: . W128-page 128 in White (93); G181-page 181 in
Gamow (25); SI-Singer (23); ABC-American Book Co. (36);
RP-Row-Peterson (55); HTW-Holt,Rinehart, Winston (7);
SF-Scott Foresman (4)

*Statements are not necessarily in order that they were presented
in unit.
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6. In a third class lever, the effort force is between the

fulcrum and the load. (HRW, W142)

7. The load arm is the distance between the fulcrum and the

load. (RQ, W143)

8. The force arm is the distance between the fulcrum and

the effort force. (RQ, W143)

9. Pliers, bottle openers, brooms, baseball bats, and

shovels are examples of the lever. (RP, W143)

10. When the force arm is longer than the load arm, a small

force moves a heavy load. (RP, W143)

11. When the force arm is longer than the load arm, the

effort force is moved a greater distance than the load. (RP,

W143)

12. When the force arm is as long as the load arm, no

mechanical advantage is gained. (RP, W149)

13. When the load arm is longer than the force arm, the

load travels farther than the effort force. (RP, W150)

14. When the load arm is longer than the force arm, the

load travels faster than the effort force. (RP, W176, G80)

15. When the load arm is longer than the force arm, the

effort must be greater than the load in order to move it. (RP,

W150)

16. The pulley and the wheel and axle are special kinds of

levers. (HRW, W152)

C. SIMPLE MACHINES -- PULLEYS

1. A single fixed pulley needs a force larger than the

load to be lifted. (RP, W153)

2. A single fixed pulley is used to move a load by pulling

in the opposite direction. (RP, W153)

3. A movable pulley and a small force can be used to lift

a heavier load. (SF, W153)

4. Elevators, hoists, steam shovels, and the painters'

scaffolds use pulleys. (RF, W154)
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5. A load is raised a short distance by a movable pulley,
but the lifting force must travel a long distance. (RP, W153)

6. Pulleys can be combined to lift very heavy loads. (RP,

W153)

7. The number of strands in a pulley system indicates the
gain in lifting force. (RP, W154)

D. SIMPLE MACHINES - -WHEEL AND AXLE

1. When a wheel and axle is turned, a point on the rim of
the wheel travels farther than does a point on the rim of the
axle. (RP, W152, G78)

2. When a wheel and axle is turned, the edge of the wheel
travels faster than the edge of the axle. (RP, W176, G78)

3. A small force on the wheel will move a heavy load on
the axle. (SF, W152)

4. As the wheel becomes larger, it takes less force on the
wheel to move the same load on the axle. (RP, W143)

5. The wheel and axle is often used in automobiles, bicycles,
and home appliances. (HRW)

E. SIMPLE MACHINES--INCLINED PLANE

1. An inclined plane is another kind of simple machine.
(HRW, W129)

2. An inclined plane raises a heavy load a short distance
by moving a small force through a long distance. (RP, W129)

3. Wedges and screws are special forms of the inclined
plane. (RP)

F. FRICTION

1. Friction is a force resisting motion between two
surfaces in contact. (HRW, W86, G16)

2. Friction produces heat. (RP, W151)

3. There is some friction in every machine when it is being
used. (RP, W150, G70)

4. Friction may be classified as: a)sliding friction,
b) fluid friction, or c) rolling friction. (HRW, W87)
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5. Sliding friction is important in writing, walking,
running. (HRW, W87)

6. Fluid friction is important to objects traveling through
air, water, or other fluids. (HRW, W91)

7. Rolling friction is important to the use of automobiles,
roller skates, bicycles. (HRW, W89)
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GENERALIZATIONS ABOUT ELECTRICITY USED IN UNIT OF INSTRUCTION WITH
THEIR DOCUMENTATION IN COLLEGE PHYSICS TEXTS AND K-12 SCIENCE

TEXTBOOK SERIES*

A. ELECTRICAL ENERGY

1. Energy is the capacity to do work. (HR, W128, G62)

2. Electrical energy is produced by the flow of charged
bodies. (HR, W525, G195)

3. The energy from light, heat, mechanical forces, or chemi-
cal action may be changed to electrical energy. (HR, W134, G62)

4. Electrical energy may change to light, heat, mechanical

or chemical energy. (HR, W134, G62)

B. STATIC ELECTRICITY -- ATOMIC STRUCTURE

1. All matter is made of atoms. (Singer, W478, G180)

2. Every atom has a nucleus. (Singer, W478, G180)

3. Around each nucleus of
W478, G180)

4.

(Singer,

5.

(Singer,

6.

gives up

The nucleus of an atom
W478, G180)

an atom are electrons. (Singer,

has a positive electrical charge.

The electrons around the nucleus have a negative charge.
W478, G180)

A neutral substance becomes positively charged when it
electrons. (AB, G181)

Legend: Letters and numerals in parentheses refer to following

texts: W128-page 128 in White (93); G181-page 181 in

Gamow (25); SI-Singer (23); ABC-American Book Co. (36);

RP-Row-Peterson (56); HTW-Holt, Rinehart, Winston (7);

SF-Scott Foresman (4).

*Statements are not necessarily in order that they were presented

in unit.
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7. A neutral substance becomes negatively charged when it
takes on additional electrons. (AB, G181)

8. Neutral objects are neither positively nor negatively
charged. (AB, W478)

9. Like electrical charges repel each other, but unlike
electrical charges attract.

C. STATIC ELECTRICITY--ELECTRICAL CHARGES

1. Some materials readily give up electrons, while other
materials readily capture electrons. (RP, W477, G180)

2. Electricity produced by rubbing one material with another
material is called static or frictional electricity. (Singer, W475,

G178)

3. Electrical charges collect on the surface of a material.
(HR, W485, G182)

4. A neutral object is charged by conduction when it comes
into contact with a charged object and receives electrons. (HR,

G181)

5. Neutral objects can be attracted by either positively or
negatively charged objects. (HR, G182)

D. CURRENT ELECTRICITY--OPEN AND CLOSED CIRCUITS

1. When electrons move along a conductor, an electric current
is produced. (HR, W486, G195)

2. Current electricity is used more than static electricity.
(RP, G228)

3. An electric circuit contains a source of electrical
energy and a path through which the current may flow. (RP, G199)

4. A closed circuit has no gaps in the path of the current
of electricity. (RP, G199)

5. An open circuit has a gap somewhere in the path of the
current. (RP, G199)

6. An electric circuit may be connected in series or in
parallel. (RP, W488, G200)
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E. CURENT ELECTRICITY-- CONDUCTORS AND NON-CONDUCTORS

1. All materials offer some resistance to an electric cur-
rent. (RP, W490, G182)

2. An electric current flows easily along good conductors
of electricity. (RP,W481, G182)

3. Most metals are good conductors. (RP, W480, G182)

4. An electric current does not flow easily along poor con-
duct,rs of electricity. (RP, W481, G182)

5. When an electric current flows along a wire, the wire
is heated. (SF, W524, G204)

6. In electrical heating appliances a current is sent along
a wire which is a poor conductor. (HR, W525, G204)

7. When a large electric current flows along a wire which
is a poor conductor, it may become hot enough to give off light.
(HR, W524, G204)

F. CURRENT ELECTRICITY--DIRECT CURRENT AND ALTERNATING CURRENT

1. The chemical changes in an electric cell provide an ex-
cess of electrons at the negative terminal and few electrons at the
positive terminal.. (HR, W486, G196)

2. The increase of electrons at a terminal forms a force
which moves electrons along a conductor. (HR, W489)

3. Electrons from the negative terminal of a cell will
readily flow along a conductor tending to equalize the number of
electrons at each terminal. (HR, W489, G195)

4. Since current produced by a cell flows in one direction
only, it is called direct current. (HR, W547, G195)

5. Alternating currents flow first in one direction and
then in the opposite direction. (RP, W547)

6. Electricity from a generator may be either direct current
(DC) or alternating current (AC). (RP, W524)

7. Electric current may be used to: heat or cook, make
light, send messages, and run machines. (RP, W524)
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G. ELECTROMAGNETS

1. Moving a solid conductor through a magnetic field will

generate an electric current. (HR3, W543, G220)

2. A magnetic field around a wire is created by sending a

current of electricity along the wire. (AB, W528, G211)

3. An electromagnet consists of a piece of iron within a

coil of wire, along which a current of electricity is sent. (RP,

W529, G214)

4. An electromagnet has a North-seeking pole and a South-

seeking pole, just as other magnets do. (SF, W529)

5. An electromagnet can be made stronger by increasing the

number of turns of wire wound around the core or by increasing the

current. (SF, W537, G212)

6. An electromagnet has considerable force only so long as

the electric current is flowing. (SF, W537, G212)

7. Electromagnets are important parts of electric motors.

(RP, W531, G218)
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GENERALIZATIONS ABOUT HEAT ENERGY USED IN UNIT WITH THEIR
DOCUMENTATION IN COLLEGE PHYSICS TEXTS AND K-12 SCIENCE

TEXTBOOK SERIES*

A. MATTER AND HEAT ENERGY

1. Matter exists in three states: solids, liquids, gases.
(ABC, W193, G30)

2. Matter is made up of atoms which combine to form mole-
cules. (ABC, W195, G180)

3. The molecules are vibrating and moving very fast. (ABC,
W193, G331)

4. In a solid, the molecules are held close together by
mutual attraction. (HRW, W199, G328)

5. In a liquid, the molecules are able to flow past one
another. (HRW, W197, G328)

6. In a gas, the molecules are relatively far apart. (HRW,
W196, G328)

7. Heat energy is the energy of motion of the molecules of
a body. (HRW, W271, G153)

8. The sun transfers a great deal of heat energy to earth.
(RP, W292, G520)

9. Chemical changes, electricity, and friction are common
sources of heat. (RP)

10. Heat energy may be changed to other forms of energy such
as light, chemical, electrical, and mechanical energy. (ABC, W134,
G176)

Legend: Letters and numerals in parentheses refer to following
texts: W128-page 128 in White (93); G181-page 181 in
Gamow (25); SI-Singer (23); ABC-American Book Co. (36);
RP-Row Peterson (57); HTW-Holt, Rinehart, Winston (7);
SF-Scott Foresman (4).

*Statements are not necessarily in order that they were presented
in unit.
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B. MEASURING HEAT ENERGY--TEMPERATURE, THERMOMETERS

1. The amount of heat energy in a material can be measured.

(RP, W271, G153)

2. Touching, seeing or other senses are not accurate ways

to measure temperature. (RP, W2, G144)

3. Temperature is a measure of the average energy of motion

of the molecules in a material. (ABC, W260, G153)

4. Temperature is not a measure of the total amount of heat

in a material. (ABC, W271, G153)

5. Thermometers are used to measure temperature. (RP, W260,

G144)

6. Thermometers can be made by using air and water, alcohol,

or metals. (RP, W260, 0145)

7. The fluid in a thermometer indicates temperature changes

by expanding when heated and contracting when cooled. (RP, W260,

G145)

8. The Fahrenheit scale and Centigrade scale are two common

ways of marking thermometers. (RP, W261, 0146)

C. EXPANSION AND CONTRACTION

1. Most matter expands when it is heated and contracts when

it is cooled. (ABC, W263, G144)

2. Removing heat from water causes it to contract until 4°C

and then water expands until 00C.

3. Adding heat increases the speed of the molecules in a

substance. (ABC, W196, 0330)

4. A solid may be changed to a liquid or a gas by adding heat

energy. (HRW, W196)

5. Removing heat from a substance will decrease the speed of

the molecules. (HRW, W197, G330)

6. Removing heat from a material will cool it. (RP, W288)

7. A gas may be changed to a liquid or solid by removing heat

energy. (HRW, W197-200)

310



F-13
8. Evaporation is an important way to cool something. (RP,

W297)

D. TRANSFER OF HEAT ENERGY

1. It is natural for heat to travel from a hot region to a
cooler region. (HRW, G176)

2. Although heat energy may change its form, it is never
lost in moving from one place or form to another. (HRW, W134,

G168)

E. TRANSFER OF HEAT ENERGY--CONDUCTION

1. Heat may be transferred by conduction, convection, or
radiation. (ABC, W283)

2. In conduction, heat energy is transferred from one mole-
cule to another. (ABC, W284)

3. Heat travels easily through good conductors of heat. (RP,

W285, G157)

4. Metals conduct heat better than liquids or gases. (ABC,

G157)

5. There are some materials through which heat does not
travel easily and they are called poor conductors of heat or
insulators. (RP, W283, G157)

6. Paper, water, air and glass are often used as insulators.
(ABC, W284, G159)

7. Poor conductors can be used to keep hot things hot or
cold things cold. (RP, W188, G159)

8. An insulator keeps most of the heat from moving into a
cooler region. (ABC, G176)

F. TRANSFER OF HEAT ENERGY--CONVECTION

1. Convection is the transfer of heat energy of molecules
in moving currents of fluids. (ABC, W283, G159)

2. Convection currents in fluids are created when the lighter
parts of a fluid are forced upward by cooler and heavier parts
which gravity forces downward. (HRW, W285, G159)
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3. Convection currents, in air occur when warm air is pushed

upward by colder, heavier air, which is pulled downward by gravity
(SF, W286, G159)

4. Heat is transferred by molecules in the convection currents
to other molecules in the fluid. (ABC, G159)

5. Atmospheric circulation and ordinary ventilation depend
upon convection currents. (ABC, W286, G159)

G. TRANSFER OF HEAT ENERGYRADIATION

1. Radiation is emitted by almost all materials. (W290,
G279)

2. Although most radiant energy cannot be seen, it travels
like rays of light. (HRW, W287, G161)

3. Energy from the sun travels to earth by radiation. (ABC,
W291, G160)

4. When an object absorbs radiant energy, its molecules move
faster and increase its heat energy. (ABC, W289)

5. Mirrors and shinning surfaces reflect radiant energy.
(HRW, W291)

6. Dark objects absorb radiant energy. (ABC, W290)
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The Universe of Discourse for the Project
and Scoring Multiple-Choice Test Questions

1. Members of the Universe of Discourse

For the purposes of this study, the expression "universe
of discourse" referred to all of the written and spoken symbols
and the imagery used to communicate a set of ideas about simple
machines, electrical energy, and heat energy to all pupils in
the sample. This included the symbols and ideograms used in
the texts, filmstrips, class discussions, experiments or activ-
ities, and similar events which were intended to communicate
ideas or percepts of the topic being studied. The written plans
of instruction in Appendix I attempted to communicate certain
stereotypes and conventional relationships among them.
In discussing the plans of instruction with teachers, the
researcher always specified that any of the ideas being studied
were subject to change and refinement as the pupil learned
more about the world in which we live.

The instructional program conducted in this study may be
considered an information processing task for the pupils.
Their understandings of these components may be evaluated in le.
terms of the pupils' successes or failures in identifying and
retaining their perceptions of the conventions or stereotypes
in the universe of discourse.

The multiple-choice test items were composed of the verbal
symbols and ideograms which formed a subset of the universe of
discourse. Pupils' responses (correct or incorrect) to test
items provided an indication of their understanding or misunder-
standing of these components and the conventioal relationships
among them. Each collection of 50 test questions provided an
estimate of the pupils' success in coping with this information
processing problem.

This is illustrated in Figure 18, in which the rectangle at
the top of the figure refers to all of the concepts taught, under-
stood, and misunderstood during the entire unit of instruction.
That is, the rectangle refers to all of the elements in the
universe of discourse. If one considers the la,ge number of
pupils, teachers, instructional materials and time devoted to
each unit, it should be obvious that the universe of discourse in-
cludes a tremendously large number of elements. The small rec-
tangles at the bottom of the figure indicate the 50 item tests
which were used to provide an estimate of the pupils' understand-
ing of the much larger set of generalizations in the universe of
discourse. To be very precise, each of the tests should also
be considered as members of the universe of discourse.
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Figure 18 RELATIONSHIPS OF THE UNIVERSE OF DISCOURSE
TO THE UNIT ACHIEVEMENT TESTS

Universe of Discourse

All written and spoken symbols and
ideograms used to communicate a set
of ideas about the following topics:
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It should be noted that the test item generalizations are

also crude assessments of pupils' understanding of the broad
science generalization to which the test item corresponds. Each
individual test item forms a minimal level of measurement of
pupils' understanding of the corresponding science generalization.
Moreover, the major science generalization is simply one of the
generalizations which constituted the universe of discourse.

This has been illustrated in Figure 19 , which used a rectangle
at the top of the figure to refer to a sub -set: of the universe of
discourse. This sub-set iscltides all written and spoken symbols
and ideograms used to communicate a set of ideas about the single
generalization: "All matter is composed of atoms." The major
science generalization was merely one of the generaliiations in
the universe of discourse, but it also contained a very large num-
ber of elements.

In contrast to the large number of elements in this sub-set,
the figure indicates that only three test items were used to
estimate pupils' understandings or misunderstandings of this
major science generalization. This is also illustrated by the
three "test item" rectangles at the bottom of Figure 19. These
test items are considered members of a much larger collection
of test items which might have been utilized to assess pupils'
comprehension of the major science generalization.
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Figure 19 RELATIONSHIP OF THREE TEST ITEMS TO A SINGLE

GENERALIZATION IN THE UNIVERSE OF DISCOURSE

Subset of Universe of Discourse

The set of all written and spoken symbols

and idiograms used to communicate a set of

ideas about the generalization:
"All matter is made of atoms."
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2. Scoring Pupils' Responses to Test Items

If a pupil responds correctly to the pre-test for simple

machines (M12), then this provides some indication of the indivi-

dual's understanding of the idea which corresponds to that test

item. If there are four options as correct answers, then a pupil

may guess the correct answer approximately 1/4 of the time. How-

ever the use of double precision scoring required the pupil to

make the same correct response on the pre-test (M12),and on the

post-test (M23) administered after instruction has concluded.

This double precision scoring is indicated by the expression

(M12) for the machines pre-test, and it implied that the proba-

bility of guessing_the correct response was the product of the

fraction4/4).0/4)or 1/16.

It has been argued, that these are not independent adminis-

trations of different test items and therefore there will be a

practice effect which would alter the 1/16 estimate of the

likelihood of random guessing. The researcher would argue that

it is very unlikely that an intermediate grade pupil would

remember the exact response that he made to a particular test

item during a 30-minute period when it was administered and

retain that exact impression for five to eight weeks until the

post-test was administered during another 30-minute period. The

researcher would argue that a tremendously large number of events

occur to any child in an elementary school during a five hour

day and that this is further complicated by the events which

happen to that child at home and in other activities during the

five to eight weeks between test administrations. As a conse-

quence of the researcher's experience, he has come to believe

that pupils have many activities and problems to concern them

other than waiting for some particular test item or set of test

items to be administered to them at some particular time in

the distant future.

To be sure, some test items may be so unusual that the

child will recall his particular response to the test question,

but the researcher is not inclined to believe that there were a

large number of these items on any of the unit achievement

tests.

Therefore, the researcher has argued that the probability

that any youngster will respond correct /.y to the double precision

test item (M12) or any of the other double precision test items

is approximately 1/16. If the reader is not persuaded by these

arguements, then he would be advised to modify his confidence

in the results of this study.
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The "double precision" scoring procedure suggests that it is

important to have precise information about what was understood
by pupils before instruction and what was understood and retained
by pupils after instruction had ended. It assumes that a pupil
who understands the "conventionaror "stereotype" answer to a
question before instruction, will also select that appropriate
answer after instruction. It also makes the assumption that if
the generalization was not remembered by a pupil, then the pupil
will be seriously handicapped in utilizing that generalization
to help him to interpret the world in which he lives.

Figure 2 Oshows a tree diagram of responses which any pupil
might make to any test item on the pre-test, post-test, and re-
tention test for each unit of instruction. It is obvious that
the pupil may respond in such a way as to have a correct answer,
an incorrect answer, or the test instructions permitted him to
indicate that the answer pas unknown to him. The tree diagram
makes it possible to define rather precisely the segments which
indicate the pupil's understanding or lack of understanding of
the idea being measured by the test question. In the figure, the
heavy dark line indicates a hypothetical path of correct answers
to this teat question administered on the pre-test, post-tast, and
retention test. The various branches of the tree diagram suggest
error patterns which might occur for any of the 50 test items for
any pupil in the sample. At the end of Appendix G, there is e
listing of misconceptions which may be inferred from the various
error responses to questions included in the machines test.

If the reader can conceive of a network of 50 more tree
diagrams similar to the diagram in Figufen , then he will have
a general idea of the possible response paths open to each pupil
in this study, for a single unit achievement test. Conventional
scoring t ecedures recommend tallying the correct points in that
maze of interlocking lines to indicate the success or failure of
a pupil in some endeavor. Sometimes, the conventional scoring
procedures favor "correction for guessing" by subtracting a
fractional portion of the incorrect responses from the correct
response tally. The extent to which this oversimplifies the problem
should be apparent to the reader.

Double precision scoring makes a modest improvement, in the
judgement of the writer, by suggesting that the segment between
the consistently correct or the consistently incorrect responses
should be utilized as indicators of pupils' success or failure.
In this project, the researcher has written a computer program
which conducted the double precision scoring tasks and provided
an English printout of the correct as well as the incorrect re-
sponses. A sample of an individual profile is also included in
Appendix G. 318
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3.3

4
13
3.

3.1
33.
143
3
3.1

3.a
4Z, 3.3

3.4

a 3.1

34
3.1

33
4

.
3.
3.1

3.3
34.

3.1

3.a

3,N

.4 as 3.1

33
3.4

$3.a.

3.3

3.1

Figure 20 TREE DIAGRAM SHOWING POSSIBLE RESPONSE PATTERNS TO A FOUR-

OPTION, MULTIPLE-CHOICE QUESTION ADMINISTERED ON THE PRE-TEST,

POST-TEST, AND RETENTION TEST.
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It is the writer's view that the raw score or total of cor-

rect responses to any multiple-choice test is a very crude indi-

cator of a pupil's understanding or misunderstanding of any topic.

There is a tremendous amount of information about the pupil's un-

derstanding or misunderstanding, which is recorded on his answer

sheet. With the availability of high speed data processing

equipment, researchers have an obligation and an exciting challenge

to pursue the other branches in the network of pupils' responses

to the multiple-choice questions.
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COMPUTER PRINT.... DIAGNOSTIC PROFILE OF PUPIL S UNDERSTANDING

. . QF $ 5.C.1 Ett.c.L..TOF Lc / 1 /6.6.1

SCH0011TEACHER. GRD SSS IQQ RDG SEC

CERVENYIJACKSON 5 52 109 53 MID

ID NAME

1349 GREEN,THOMAS

TOPIC REQUESTED ELECTRICITY. LNEP8MATION_IS AVAILABLE
A. TOPICS AND CONCEPTS UNDERSTOOD*

1.ELECTRICAL ENERGY
E2 ENERGY OF LIGHT,HEAT,CHEM CHG MAY BE CHANGED TO ELE ENERGY

2.STATIC ELECTRICITY ATOMIC STRUCTURE
E3 ALL MATTER IS MADE OF ATOMS
E4 EVERY ATOM HAS NUCLEUS
E5 AROUND NUCLEUS OF ATOM ARE ELECTRONS
E7 ELECTRONS HAVE ( ) CHARGE

* UNDERSTANDING BASED ON CORRECT RESPONSES TO POST UNIT TEST AND
RETENTION TEST QUESTIONS AFTER INSTRUCTION DURING 1965 -1966

B.TOPICS AND CONCEPTS MISUNDERSTOOD**

2.STATIC ELECTRICITY ATOMIC STRUCTURE
E6 NUCLEUS OF ATOM HAS (+) CHARGE
E8 NEUTRAL MATL BECOMES (+) WHEN IT GIVES UP ELECTRONS
E9 NEUTRAL MATL BECOMES ( ) WHEN IT GAINS ELECTRONS

3.STATIC ELECTRICITY ELECTRICAL CHARGES
E14 ELEC CHARGES COLLECT ON SURFACE OF MATERIAL

**MISUNDERSTANDING BASED UPON INCORRECT RESPONSES TO POST UNIT TEST AND
RETENTION TEST.QUESTIONS AFTER INSTRUCTION DURING 19651966

C. INQUIRY SKILLS IN SCIENCE
1.DEFINING PROBLEMS NO INFORMATION
2.GENERATING HYPOTHESES NO INFORMATION
loSKILL IN FORMING GENERALIZATIONS NO INFORMATION
4.SKILL IN FORMING WAYS TO TEST IDEAS NO INFORMATION

5.PROFICIENCY IN LOGICAL REASONING NO INFORMATION
D. PREVIOUS STUDIES OF TOPIC NO INFORMATION
E. PREVIOUS STUDIES OF PHYSICAL SCIENCE TOPICS,DATES,MATLS NO INFORM
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COMPUTER PRINTOUT DIAGNOSTIC PROFILE OF CLASS-.S UNDERSTANDING
OF SCIENCE TOPICS (10/1/66)

A. IDENTIFICATION
CLASS NO PUPL SCHOOLTCHR GRADE
SECTION 11 (35) CERVENY (JACKSON) 5

6. PREVIOUS TEST RESULTS 1961 -2 1962-3 1963-4 1964-5 1965.-6

1.MEDIAN SCILNCE
2.MEDIAN IQ
3.MEDIAN READING COMP

C. SOCIO ECON TRAITS OF SCHOOL COMMUNITY
.05 PROF, .07 MGRL, e43 SKLD, .20 SALES, .25 SERVICE,

D. TOPICS AND CONCEPTS UNDERSTOOD* PERCENT
].ELECTRICAL ENERGY CLASS MEDIAN .45

El ELEC ENERGY PRODUCED 13Y FLOW OF CHARGED BODIES .40

E2 ENERGY OF LIGHT,HEAT,CHEM CHG MAY BE CHANGED TO ELEC ENER .50

2.STATIC ELECTRICITY ATOMIC STRUCTURE CLASS MEDIAN .50

E3
E4

ALL MATTER IS MADE OF ATOMS'
EVERY ATOM HAS NUCLEUS

.80

.82

E5 ELECTRONS TRAVEL AROUND NUCLEUS OF ATOM .75

E6 NUCLEUS OF ATOM HAS (+) CHARGE .40

E7 ELECTRONS HAVE () CHARGE .70

E8 NEUTRAL MATL BECOMES (+) CHARGED WHEN IT LOSES ELECTRONS .10

E9 NEUTRAL MATL RECOMES () CHARGED WHEN IT GAINS ELECTRONS 615

E10 NEUTRAL MAIL IS NEITHER (+) NOR () CHARGED .50

Ell LIKE ELECTRICAL CHARGES REPEL, UNLIKE CHARGES ATTRACT .20
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Student Misunderstanding as Indicated by Incorrect
Responses to Items on Machines Test

11. Student believes that earth has mechanical energy for use.

13. Student believes that sun has mechanical energy ready for use.

14. Student believes that wood has mechanical energy ready for

use.

21. Student believes a boy retains energy after using energy in

race.

22. Student believes a boy has "used up" all energy in running

race.

23. Student believes a boy did not use energy in running a race.

31. Student believes no work is done when water is running into

a sink.

32. Student believes no work is done when a boy throws a ball.

34. Student believes no work is done when water is running, a boy

throws a ball, or man leans against tree.

42. Student believes no work is done when a pencil is used to

scribble on paper.

43. Student believes no work is done when a pencil is thrown at

wall.

44. Student believes no work is done when a pencil rests on a
desk, is used to scribble on paper, or is thrown at a wall.

51. Student believes that in a second-class lever, the fulcrum
is between load and force.

53. Student believes that for a second-class lever, the Load is
placed on top of the force.

54. Student believes that for a second-class lever, the force is

between fulcrum and load.

61. Student believes that for a third-class lever, the fulcrum
is between the load and force.
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62. Student believes that for a third-class lever, the load is

between the fulcrum and force.

63. Student believes that for a third-class lever, the load is

on top of the force.

71. Student believes that a load can be moved by an equivalent

force when force arm equals the load arm.

72. Student believes that a load can be moved by an equivalent

force when the load arm is greater than force arm.

74. Student believes that the load will be lifted when a greater

force between the load and fulcrum pushes the load downward.

82. Student believes that no work is done when load equals force,

and the load arm is greater than the force arm.

83. Student believes that no work is done when a ten pound load

on a long load arm is acted upon by 100 pound load on short force

arm.

84. Student believes that no work is done when a ten pound load

and a 100 pound force are exerted in the same direction.

91. Student believes that load and force travel the same distance

when load arm is greater than force arm.

92. Student believes that the load and force travel at the same

speed when the load arm is greater than force arm.

94. Student believes that a 100 pound force on a small force

arm will travel farther than a ten pound load on a long load arm.

102. Student cannot identify load arm and force arm in a first-

class lever.

103. Student cannot distinguish between load arm and force arm

in first-class lever.

104. Student cannot distinguish between load arm and force arm

in first-class lever.

111. Student cannot distinguish between
in a first-class lever and a third-class

113. Student cannot distinguish between
in two first-class levers.

114. Student cannot distinguish between
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in two first-class levars.

121. Student believes that thirty pound force will not move ten
pound load when load arm is twice as large as force arm.

123. Student believes that great force on a long force arm will

not move a small load on a small load arm.

124. Student believes that a large force will not move a small

load when the force arm equals the load arm.

131. Student believes that a large force on a small force arm
travels at the saAe speed as a small load on a large load arm.

132. Student believes that a large force on a large force arm
will travel at the same speed as a small load on a small load arm.

133. Student believes that a large force on a large force arm

will travel at same speed as small load on small load arm.

141. Student believes that large force on small force arm will

travel farther than small load on large load arm.

142. Student believes that large force on large force arm can be

moved by small load on small load arm.

144. Student believes that when the force arm equals the load
arm, the large force travels farther than the small load.

152. Student believes that a large force on a large force arm

can be moved by a small load on a small load arm, and the small

load will travel faster than the larger force.

153. Student believes that a large force on a large force arm
and a small load on a small load arm will cause the small load to

travel faster than the force.

154. The student believes that when the force arm equals the
load arm, the small load travels faster than the larger force.

161. The student believes that when a large force on a small
force arm and a small load on a large force arm are used, then
the load and force travel the same distance.

162. The student believes that the small load on a small load
arm can move a large force on a large force arm, and the load

and force will travel the same distance.

163. The student believes that a small load on a small load arm
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can be moved by a large force ,oh a large force arm, and the force

and load will travel the same distance.

171. The student believes that a shovel is not usually used as

a lever.

173. The student believes that a crowbar is not usually used as

a lever.

174. The student believes that a hammer is not usually used as

a lever.

182. The student believes when the force arm of a lever is made

longer, then the load is harder to move.

183. The student believes that when the force arm is made longer

for a lever, then this does not change the speed at which the

force moves.

184. The student believes that when the force arm is made longer,

then the load will move faster.

191. The student believes that when a lever is to be used to lift

a rock, the fulcrum should be near the rock or directly under it

so that the smallest force will be used to lift it.

192. The student believes that when a rock is to be lifted by

a lever the fulcrum should be placed close to the rock or directly

under it so the smallest force will be used to lift it.

194. The student believes that when a rock is to be lifted with

a lever the fulcrum should be placed far away from the rock so the

smallest force will be used to lift it.

201. The student believes that a 60 pound force will balance

evenly with a 20 pound load on a single fixed pulley.

202. The student believes that a 60 pound force moves faster

than 20 pound load on a single fixed pulley.

203. The student believes that the 20 pound load travels farther

that the 60 pound force on a single fixed pulley.

212. The student believes that a 50 pound load can be toised by

a ten pound force on a single fixed pulley.

213. The student believes that a ten pound load can be raised

by nine pound force on a single fixed pulley.
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214. The student believes that a ten pound load can be raised

by a five pound force on a single fixed pulley.

221. The student believes that a 50 pound load can be raised by

a 25 pound force on a single fixed pulley.

222. The student believes that a 50 pound load can be moved by a

50 pound force used on a single fixed pulley(friction not considered

by pupils).

224. The student believes that a 50 pound load can be moved by a

force of less than 50 pounds on a single fixed pulley.

231. The student believes that a load on a two-strand movable

pulley travels faster than the lifting force.

233. The student believes that a 50 pound load cannot be moved

by a 40 pound force on a two-strand movable pulley.

234. The student believes that the load on a two-strand movable

pulley will travel farther than the moving force.

241. The student believes that a flag pole does not usually use

a pulley.

243. The student believes that a steam shovel does not ordinarily

use a pulley.

244. The student believes that an elevator does not usually use

a pulley.

251. The student believes that the load on a movable pulley

travels farther than the lifting force.

252. The student believes that the load on a movable pulley

travels as far as the force which lifts it.

253. The student believes that a load on a movable pulley can be

raised two feet by a force which travels only three feet.

262. The student believes that a two-strand movable pulley requires

less effort than a four-strand movable pulley to lift a load.

263. The student believes that a two-strand movable pulley uses

less effort to lift a load than a four-strand movable pulley.

264. The student believes that a single fixed pulley requires less

effort to move a load than a four-strand movable pulley.
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271. The student believes that when a large diameter wheel and

a small diameter wheel make a complete turn, they will travel the

same distance.

272. The student believes that when a small wheel and a large

wheel make one complete turn, the small wheel travels faster.

274. The student believes that when a large wheel and a small

wheel make one complete turn, the small wheel travels farther than

the large wheel.

282. The student believes that when a bicycle wheel is turned,

the point at the center travels farther than other points on the

wheel.

283. The student believes that when a bicycle wheel is turned, a

point on one of the spokes travels farther than a point on the

ring.

284. The student believes that when a bicycle wheel is turned,

all points on the wheel travel the same distance.

292. The student bleieves that whin an airplane propeller is

turned, a point at the center travels farther and faster than any

other point on the propeller.

293. The student believes that when an airplane propeller is

turned, a point in the middle of the blade travels farther and

faster than a point on the tip.

294. The student believes that when an airplane propeller is

turned, all points on the propeller travel at the same speed.

301. The student believes that when an electric fan blade is

turned, a point at the center travels faster than any other point

on the blade.

302. The student believes that when an electric fan blade is

turned, a point in the middle of the blade travels faster than

a point on the tip.

304. The student believes than when an electric fan blade is

turned, all points on the blade travel at the same speed.

311. The student believes that a 40 pound load on a small axle

will lift a 20 pound load on the large wheel of the wheel and

axle machine.

313. The student believes that a wheel and axle machine operates

by having both weights go down.
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314. The student believes that a 40 pound weight on the small axle
of a wheel and axle machine will balance a 20 pound weight on its
large wheel.

321. The student believes that a narrow handle of a screw driver
will make it easy to turn a screw.

322. The student believes that a slender handle of a ecrew driver
makes it easy to turn a screw.

323. The student believes that a long blade and a long handle make
it easy to turn a screw.

331. The student cannot identify a large axle arm of a wheel and
axle.

333. The student cannot identify a large axle arm of a wheel and
axle.

334. The student cannot identify a large axle arm of a wheel and
axle.

341. The student believes that a small wheel of a wheel and axle
will use the least force to move a load.

342. The student believes that a small wheel of a wheel and axle
will use the least force to move a load.

343. The student believes that a moderate size wheel of a wheel
and axle machine uses the least force to move a load.

352. The student believes that traveling up a set of stairs is an
example of a screw.

353. The student believes that traveling up a flight of stairs is
an example of a lever.

354. The student believes that traveling up a set of stairs is an
example of a wedge.

361. The student believes that the screw with the smallest number
of threads is easiest to use in wood.

362. The student believes that a screw with a few threads is easier
to use in wood than a screw with many threads.

364. The student believes that the screw with the least number of
threads is easier to use in wood than a screw with many threads.

371. The student believes that the wedge with a 20 degree angle
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is easier to use in wood than a wedge with a 5 degree angle.

372. The student believes that the wedge with a 50 degree angle is

easier to use in wood than a Wedge with a 5 degree angle.

373. The student believes that the wedge with a 70 degree angle

is easier to use in wood than a wedge with a 5 degree angle.

382. The student believes that friction does not exist between a

man and air passing over him.

383. The student believes that friction does not exist between

the sail on a boat and wind passing over it.

384. The student believes that friction does not exist between a

boat and the water it gloats upon.

391. The student believes that friction is greater where a person

is stnading than at a point supporting a large box and the person.

393. The student believes that friction is greatest on some point

on an inclined plane.

394. The student believes that friction is greater where a force

is exerted to move a large box supporting a person than at a point

under the box.

401. The student believes that friction does not exist between a

man and air passing over him.

402. The student believes that friction does not exist between a

wagon and air passing over it.

403. The student believes that friction does not exist between

the sidewalk and a wagon traveling over it.

411. The student believes that when hands are rubbed together

quickly they become warm because energy is passing from one hand to

the other hand.

412. The student believes that when hands are rubbed together

quickly they become warm because of mechanical energy between the

hands.

414. The student believes that when hands are rubbed together

quickly, they become warm because the hands are moving.

421. The student believes that a fan has some friction but roller

skates or airplanes may not have friction.
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422. The student believes that roller skates have some friction

but fans or airplanes may not have friction.

423. The student believes that airplanes have some friction but

fans or roller skates may not have friction.

431. The student believes that roller skating on a sidewalk is

an example of sliding friction.

432. The student believes that singing in the wind is an example

of sliding friction.

434. The student believes that swimming in a lake is an example

of sliding friction.

441. The student believes that swimming is not an example of

fluid friction.

442. The student believes that the Mississippi River is not an

example of fluid friction.

443. The student believes that a thunder storm is not an example

of fluid friction.

452. The student believes that, writing on a chalk board is an

example of rolling friction.

453. The student believes that running to an automobile is an
example of rolling friction.

454. The student believes that walking on a sidewalk is an example

of rolling friction.

461. The student believes that grinding friction is important to
objects traveling through air.

463. The student believes that rolling friction is important to
objects traveling through air.

464. The student believes that sliding friction is important to
objects traveling through air.

471. The student believes that sliding friction is important to
the use of automobiles, roller skates, and bicycles.

473. The student believes that grinding friction is important to
the use of automobiles, roller skates, and bicycles.

474. The student believes that fluid friction is important to the
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use of automobiles, roller skates, and bicycles.

481. The student believes that when a 100 pound stick van travels
upward for five feet that he has done 104 units of work.

482. The student believes that when a 100 pound stick man travels
upward for film feet that he has done 400 units of work.

483. The student believes that when a 100 pound stick man travels
upward for five feet that he has done 120 units of work.

491. The student believes that if two pounds of snow are lifted
six feet, then eight units of work have been done.

492. The student believes that if two pounds of snow are lifted
six feet then four units of work have been done.

494. The student believes that if two pounds of snow are lifted
six feet then three units of work have been done.

501. The student believes that if three boys jump off a six foot
porch then three units of work were done.

502. The student believes that if three boys jump off a six foot
porch then 18 units of work were done.

504. The student believes that if three boys jump off a six foot
porch then no work was done.
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Appendix H-1

Table 177 FORMULAS USED IN STATISTICAL ANALYSIS OF DATA

Analysis of Variance (Ong)

ST. DEV.:

ERROR SS:

Ni 2
(Xij -X )

SDi: V J1 where SDi is the standard
Ni - 1 deviation within group i

Ni is the number of observations in group i, Xi is
the mean for the variable Xi in group i.

k Ni

2

Total SDI, \tel. s (Xi j )

N-1
observations in the sample, X is
total sample for the variable X,
ber of groups.

where N is the
total number of

the mean for the
.and k is the num-

k 2
SSwr.E ln (xi - Xj) where SSwis the sums

of squares for within
groups, k is the number of groups, Ni is the number
of observations in group j and Xj is the mean for
the variable X in group j.

k 2
TREATMENT SS: SSB :D Nj(Xj - X) where SSB is the sum of

j%1 squares for treatments, k
is the number of groups, Njis the number of obser-
vations in group j, Xj is the mean for the variable
X in group j, and X is the mean for the total sample.

TOTAL SS:

ERROR MS:

SST SSW SST is the total sum of squares or the
sum of the squared deviations from the general mean
of all measures in all groups.

k Ni 2

SST: 27; (xij - X)
iyi 1.1

MSw a SSw /N-k where MSw is the mean square for with-
in groups, N is the total number of observations in
the sample, and k.is the number of treatment groups.
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11-2

Table177 (Continued)

TREATMENT MS: MSB :SSB/It-1 where MSB is the mean square for treat-

ments and k is the number of treatment groups.

F-TEST:

T-TEST:

F MSB /MSw

T z167 when there are only two treatment groups.

df (log Ir.ss .. log df y. /71 df log s 2

BARTLETTS TEST: B
( g- )

where
df %degrees of freedom

w % within groups
g s groups

sq s sums of squares

s : variance

Pearson Product Moment Correlation Analysis

CORRELATION
COEFFICIENT: r XY __

X (r X) 3 Ilk Z;Yz (I: i375-

where N is the number of observations having data

for the calculation, and X and Y represent values

of the variable being correlated.
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Graphical Analysis of Class Scores

A. Distributions of Scores. There were three major types

of distributions which seemed to characterize each class distri-

bution of scores on the pre-test and on the post-tw. The normal

distribution occurred most frequently. For these classes, there

was a symmetric arrangement of scores about a mean equal to zero

and a standard deviation equal to one. In this distribution the

vertical axle was scaled in equal units, indicating the number

of correct responses to the test. The horizontal axis was ex-

pressed in equot units of standard deviation. Figure 4 shows

a typical graph using normal probability paper.

For curves with a log-normal distribution, the vertical

axis was scaled in equal units of the log of the number of

correct responses. This indicated an exponential increase in

the magnitude of correct responses to the test. The horizontal

axis was expressed in equal units of standard deviation. This

arrangement is typically plotted on semi-log paper.

For classes where the distribution was skewed, this indicated

an asymmetric distribution in which the majority of scores

accumulated in the low region (positively skewed) or the high

region (negatively skewed) of the horizontal axis. Gumbel's

(26) skewed probability distribution and Powell's ( 62) skewed

probability paper (Figure 5) have been used to plot test data

which follow a skewed distribution. In the skewed distribution,

the vertical axis may be scaled in equal units of correct res-

ponses to the test or it may also be scaled in equal units of the

log of the number of correct responses. The horizontal axis

is scaled in equal units of standard deviation using Gumbel's

distribution.

B. Changes in Distribution of Scores Within Classes. Table

205 indicates changes which might occur in the distribution of

scores obtained for the pre-test and for the post-test. There

were nine distributions which occured frequently within the

classes and they have been indicated in that table, although

other variations could be identified. The normal distribution

on the pre-test followed by a normal distribution on the post-

test has been indicated by the expression (N-N). It suggests that

the distribution of scores was unchanged by instruction and re-

mained symmetric about the mean score.

A normal distribution on the pre-test and a log-normal dis-

tribution on the post-test is indicated by the expression (N-LN).

The log-normal distribution indicates that the rate of improvement

is exponential and is symmetric about the log of the mean score.
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Among other things, it indicates that the constant rate of

change produced substantially higher raw scores for those pupils

scoring 8bove the median than those pupils who scored below the

cedian.

Classes having a normal distribution on the pre-test and a

positively or negatively skewed distribution on the post-test are

indicated by the expression (N-S). This indicates a symmetric

distribution before instruction, and a skewed distribution after

instruction in which many pupils made low scores (positively

skewed) or many pupils made high scores (negatively skewed) after

instruction.

When a class has a normal distribution about the log of the

mean score on the pre-test and a normal distribution about the
arithmetic mean score on the post-test, this is indicated by the

expression (LN-N). This suggests that pupils differed substan-

tially in the amount of information or preparation which they

brought to instruction, as indicated by their exponential rate

of change on the pre-test. However, after instruction the

regression effect is illustrated in the establishment of a normal

distribution which is symmetric about the arithmetic mean score.

If a class has a normal distribution of scores about the log

of the mean score ov the pre-test and also has a normal distri-

bution about the log of the mean score on the post-test, this is

indicated by the expression (LN-LIB). This indicates that pupils

in the same class differed substantially in the amount of infor-

mation or preparation which they brought to instruction (expon-

ential rate of increase); and this disparity continued after

instruction had concluded.

If a class has a normal distribution of scores about the log

of the mean score on the pre-test and a skewed distribution on the

post-test, this condition is represented by (LN-S). This

suggests that there was a substantial difference in the amount

of information or preparation which pupils brought to instruction,

and this difference increased sharply if the distribution is neg-

atively skewed or it regressed sharply if the distribution is

positively skewed.

If a class has a skewed distribution of scores on the pre-

test and a normal distribution of scores on the post-test, this

is indicated by the expression.(S-N). This change indicated a

shift from very high scores to lower scores or from low scores

to relatively higher scores, depending upon whether the initial

distribution was negatively or positively skewed.
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If a class has a distribution which is skewed on the pre-

test and a log-normal distribution on the post-test, this is

indicated by the expression (S-LN). This suggests that there

was a substantial change in the distribution of scores from low

scores (positively skewed distribution) to log normal distribution.

It could also suggest a regression effect if the skewed distribu-

tion was negatively skewed.

If the distribution of scores on the pre-test is skewed and

the distribution of scores on the post-test is skewed, this is

indicated by the expression (S-S). If the direction of skewness

has not changed, this indicates that the distribution of scores

within the class has not been altered by instruction. On the

other hand, if there is a complete reversal of skewness in the

distributions, this indicates a substantial alteration in the

distribution of scores within the classroom.

C. Interpretation of Hypothetical Changes in Normal

Distributions. Figure 23 identifies six hypothetical instances

in which the comparison of graphs plotted before instruction

with those plotted after instruction has enabled the researcher

to detect notable changes in one or more classes of pupils. In

hypothetical case #1, shown in Figure23, the solid line indicates

the pupils' achievement before instruction and the dash line

indicates the pupils' success on the same test after instruction

has concluded. It is apparent that there was an improvement in

the class' scores after instruction. Arbitrarily, a change of

two raw score points in the median scores or a change of 1.5

points in the rate of change (slope) was considered a significant

change. Since the dash line is parallel to the solid line in

case #1, this indicates that the improvement in the pupils'

scores was uniform for pupils who scored low, average or high on

the initial test.

In hypothetical case #2 of
icant gains for the pupils as a

the topic. This was consistent
or high on the initial test.

Figure 23,there were no signif-
result of the instruction in
for pupils who were low, average,

In hypothetical case #3, there were no significant gains for

the entire group. However, the sharp increase in the average

rate of change for the graph of scores after instruction (dash

line), without a corresponding significant change in the median

scores, indicates that those pupils who made high scores on the

initial test did maks substantial growth as a result of instruc-

tion. Those pupils who were low on the initial test either made

no improvement or made lower scores on the test after instruction.
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Figure 23 HYPOTHETICAL CASES ILLUSTRATE CHANGES IN GRAPHS OF

NORM DISTRIBUTION FOR CLASS SCORES PLOTTED FOR

PRE-TESTS (M12,E12,H12)AND POST-TESTS (M23,E23,H23)
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In the hypothetical case #4, there were no significant gains

for the entire group. However, the dash line shows a sharp de-

crease in its slope when compared to the slope of the solid line.

There was not a substantial increase or decrease in the mean

score of pupils in this case. Therefore, it is apparent that

the pupils who scored low on the initial test made considerable

improvement as indicated by the dash line for the test after

instruction, and pupils who scored high on the initial test,

regressed to a lower level.

In hypothetical case #5, there was a significant improvement

in the median score following instruction. However, the slope

of the dash line has diminished sharply when it is compared to

the slope of the solid line. This indicates that the pupils who

scored low on the initial test made considerable growth in their

understanding of the topics. However, the pupils who scored

above the median on the initial test, did not made corresponding

growth as indicated by the post-test scores.

In hypothetical case #6, there was a significant increase in

the median score after instruction. Since the slope of the dotted

line has also increased sharply, the average rate of improvement

is substantially high for pupils who scored above the median on

the initial test. The rate of improvement diminishes for pupils

below the median to indicate small or insignificant improvement

in their understanding as a result of the instruction.

Consideration of the graphs indicating median scores and the

slopes of curves which indicated the average rate of change for

pupils before and after instruction enabled the researcher to

draw inferences about which segments of a particular class have

made improvement in their understanding of the topics in the

units. It should be apparent that many of these subtle interpret-

ations would be obscured or lost, if the researcher had neglected

to utilise the graphical methods as a supplement to the numerical

methods.
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6

7
.
0

(
L
N
-
1
1
)

6
.
0

(
N
-
N
)
,
 
C
a
s
e
 
1

8
.
0

(
N
 
-
N
)
,
 
C
a
s
e
 
1

9
.
0

(
N
-
N
)
,
 
C
a
s
e
 
1

9
.
5

C
N
-
M
,
 
C
a
s
e
 
6

L
e
g
e
n
d
:

N
o
.
.
.
N
u
m
b
e
r
 
o
f
 
p
u
p
i
l
s
 
u
s
e
d
 
t
o
p
l
o
t
 
g
r
a
p
h
s

D
i
s
t
.
.
.
D
i
s
t
r
i
b
u
t
i
o
n
 
i
s
 
n
o
r
m
a
l

(
N
)
,
 
l
o
g
 
n
o
r
m
a
l
 
(
L
N
)
,
 
s
k
e
w
e
d

(
S
)
,
 
l
o
g
 
s
k
e
w
e
d
 
(
L
S
)

M
d
.
.
.
M
e
d
i
a
n
 
s
c
o
r
e
 
f
o
r
 
c
l
a
s
s

d
Y
/
d
X
.
.
.
R
a
t
e
 
o
f
 
c
h
a
n
g
e
 
(
s
t
a
n
d
a
r
d

d
e
v
i
a
t
i
o
n
)



I
-
1

U
N
I
T
 
P
L
O
T
 
O
F
 
I
N
S
T
R
U
C
T
I
O
N
 
O
N
 
T
O
P
I
C

O
F
 
S
I
M
P
L
E
 
M
A
C
H
I
N
E
S

B
Y
:

G
a
r
y
 
R
.
 
S
m
i
t
h

A
s
s
o
c
i
a
t
e
 
P
r
o
f
e
s
s
o
r

C
o
l
l
e
g
e
 
o
f
 
E
d
u
c
a
t
i
o
n

W
a
y
n
e
 
S
t
a
t
e
 
U
n
i
v
e
r
s
i
t
y

C
o
o
p
e
r
a
t
i
v
e
 
R
e
s
e
a
r
c
h
 
P
r
o
j
e
c
t
0
4
0
9
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1
-
2

S
U
G
G
E
S
T
I
O
N
S
 
F
O
R
 
T
E
A
C
H
I
N
G
 
U
N
I
T

1
.

B
e
g
i
n
 
e
a
c
h
 
d
a
y
 
w
i
t
h
 
a
 
q
u
e
s
t
i
o
n
,
 
i
l
l
u
s
t
r
a
t
i
o
n
,
 
o
r
 
a
c
t
i
v
i
t
y

w
h
i
c
h
 
w
i
l
l
 
c
a
p
t
u
r
e
 
t
h
e
 
i
n
t
e
r
e
s
t
s
 
o
f
 
t
h
e
 
p
u
p
i
l
s
.

W
h
e
n
e
v
e
r

p
o
s
s
i
b
l
e
 
u
t
i
l
i
z
e
 
q
u
e
s
t
i
o
n
s
 
o
r
 
o
b
j
e
c
t
s
 
b
r
o
u
g
h
t
 
t
o
 
c
l
a
s
s
 
b
y

y
o
u
r
 
p
u
p
i
l
s
.

2
.

E
l
i
c
i
t
 
p
o
s
s
i
b
l
e
 
e
x
p
l
a
n
a
t
i
o
n
s
 
o
r
 
a
n
s
w
e
r
s
 
f
r
o
m

s
e
v
e
r
a
l
 
p
u
p
i
l
s
.

D
o
n
'
t
 
t
e
l
l
 
a
n
s
w
e
r
s
 
i
m
m
e
d
i
a
t
e
l
y
.

A
s
k
 
a
 
c
h
i
l
d
 
t
o
 
e
x
p
l
a
i
n
,

i
l
l
u
s
t
r
a
t
e
 
o
r
 
g
i
v
e
 
r
e
a
s
o
n
s
 
f
o
r
 
a
c
c
e
p
t
i
n
g
 
a

p
a
r
t
i
c
u
l
a
r
 
a
n
s
w
e
r
.

3
.

G
u
i
d
e
d
 
b
y
 
y
o
u
r
 
j
u
d
g
e
m
e
n
t
 
a
n
d
 
t
h
e
 
t
e
a
c
h
i
n
g

c
i
r
c
u
m
s
t
a
n
c
e
s
,
 
g
i
v
e

1
.
4

c
o

a
s
 
m
n
n
y
 
p
u
p
i
l
s
 
a
s
 
p
o
s
s
i
b
l
e
 
a
n

o
p
p
o
r
t
u
n
i
t
y
 
t
o
 
d
o
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s
.

0
4
.

U
s
k
:

s
c
i
e
n
c
e
 
t
e
x
t
b
o
o
k
s
 
t
o
 
e
x
p
a
n
d
 
t
h
e
i
r
 
u
n
d
e
r
s
t
a
n
d
i
n
g

o
f
 
t
h
e

i
d
e
a
s
 
i
n
t
r
o
d
u
c
e
d
 
i
n
 
c
l
a
s
s
.

T
h
e
 
a
p
p
r
o
p
r
i
a
t
e
 
t
e
x
t
 
m
a
t
e
r
i
a
l
 
i
s

t
o
 
b
e
 
r
e
a
d
 
s
i
l
e
n
t
l
y
 
a
n
d
 
t
h
e
n
 
a
l
o
u
d
.

5
.

T
h
e
 
c
o
n
c
e
p
t
s
 
p
r
e
s
e
n
t
e
l
 
i
n
 
C
o
l
u
m
n
 
#
1
 
a
r
e

i
n
t
e
n
d
e
d
 
f
o
r
 
t
h
e

t
e
a
c
h
e
r
'
s
 
g
u
i
d
a
n
c
e
.

T
h
e
y
 
a
r
e
 
n
o
t
 
t
o
 
b
e
 
c
o
p
i
e
d
 
b
y
 
t
h
e
 
c
h
i
l
d
r
e
n
 
a
s

s
o
m
e
t
h
i
n
g
 
t
o
 
m
e
m
o
r
i
z
e
.

I
t
 
i
s
 
h
o
p
e
d
 
t
h
a
t
 
t
h
e
 
p
u
p
i
l
s
 
w
i
l
l

b
e
g
i
n
 
t
o
 
m
a
k
e
 
s
i
m
i
l
a
r
 
g
e
n
e
r
a
l
i
z
a
t
i
o
n
s
 
a
s
 
a

r
e
s
u
l
t
 
o
f
 
t
h
e

a
c
t
i
v
i
t
i
e
s
,
 
t
h
e
 
c
l
a
s
s
 
d
i
s
c
u
s
s
i
o
n
s
 
a
n
d
 
t
h
e
i
r
 
r
e
a
d
i
n
g
.

E
n
c
o
u
r
a
g
e

y
o
u
r
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
;
 
b
u
t
 
a
l
s
o
 
u
r
g
e
t
h
e
m
 
t
o
 
u
s
e
 
t
h
e

v
o
c
a
b
u
l
a
r
y
 
a
n
d
 
e
x
p
r
e
s
s
i
o
n
s
 
w
h
i
c
h
 
a
r
e
 
m
e
a
n
i
n
g
f
u
l
 
t
o
 
t
h
e
m
.

6
.

I
f
 
c
i
r
c
u
m
s
t
a
n
c
e
s
 
p
e
r
m
i
t
,
 
p
l
a
c
e
 
a
p
p
a
r
a
t
u
s
 
i
n
 
a
 
s
c
i
e
n
c
e

c
o
r
n
e
r
 
w
h
e
r
e
 
c
h
i
l
d
r
e
n
 
m
a
y
 
r
e
p
e
a
t
 
t
h
e

a
c
t
i
v
i
t
i
e
s
 
d
u
r
i
n
g
 
t
h
e
i
r

f
r
e
e
 
t
i
m
e
.

7
.

T
h
e
 
c
h
a
l
k
b
o
a
r
d
 
i
l
l
u
s
t
r
a
t
i
o
n
s
 
m
a
y
 
b
e
 
s
k
e
t
c
h
e
d
 
o
n
 
l
a
r
g
e

n
e
w
s
p
r
i
n
t
 
o
r
 
a
t
 
t
h
e
 
b
o
a
r
d
.

8
.

D
o
n
'
t
 
t
r
y
 
t
o
 
m
a
k
e
 
y
o
u
r
 
p
u
p
i
l
s
 
"
M
a
c
h
i
n
e
 
E
x
p
e
r
t
s
.
"

H
e
l
p

t
h
e
m
 
t
o
 
c
o
n
c
l
u
d
e
 
t
h
e
i
r
 
s
t
u
d
y
 
w
i
t
h
 
a
 
f
e
e
l
i
n
g
 
t
h
a
t

t
h
e
y
'
v
e

l
e
a
r
n
e
d
 
a
 
g
r
e
a
t
 
d
e
a
l
 
a
b
o
u
t
 
m
a
c
h
i
n
e
s
.

T
h
e
y
'
b
e
 
l
e
a
r
n
e
d
 
t
h
e

e
x
p
l
a
n
a
t
i
o
n
s
 
f
o
r
 
m
a
n
y
 
t
h
i
n
g
s
 
w
h
i
c
h
 
t
h
e
y
 
p
r
e
v
i
o
u
s
l
y
 
h
a
d

t
a
k
e
n

f
o
r
 
g
r
a
n
t
e
d
.

H
o
w
e
v
e
r
,
 
t
h
e
r
e
 
a
r
e
 
s
t
i
l
l
 
m
a
n
y
 
t
h
i
n
g
s
 
w
h
i
c
h

t
h
e
y
 
d
o
n
'
t
 
k
n
o
w
 
a
b
o
u
t
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
s
.

H
e
l
p
 
t
h
e
m
 
t
o
 
c
l
o
s
e

t
h
e
 
u
n
i
t
 
w
i
t
h
 
a
n
 
i
n
t
e
r
e
s
t
 
i
n
 
c
o
n
t
i
n
u
i
n
g
 
t
h
e
 
s
t
u
d
y
o
f
 
m
a
c
h
i
n
e
s

"
o
n
 
t
h
e
i
r
 
o
w
n
.
"



G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

E
n
e
r
g
y
 
i
s
 
t
h
e
 
a
b
i
l
i
t
y
 
t
o
 
d
o
 
w
o
r
k
.

2
.

M
e
c
h
a
n
i
c
a
l
 
e
n
e
r
g
y
 
i
s
 
e
n
e
r
g
y

p
r
o
d
u
c
e
d
 
b
y
 
a
 
m
a
c
h
i
n
e
.

3
.

T
h
e
 
e
n
e
r
g
y
 
u
s
e
d
 
t
o
 
d
o
 
w
o
r
k
 
i
s

n
o
t
 
l
o
s
t
 
o
r
 
d
e
s
t
r
o
y
e
d
 
b
u
t
 
i
t
s

f
o
r
m
 
m
a
y
 
b
e
 
c
h
a
n
g
e
d
.

4
.

W
o
r
k
 
i
s
 
d
o
n
e
 
w
h
e
n
 
a
 
f
o
r
c
e

m
o
v
e
s
 
a
n
 
o
b
j
e
c
t
.

5
.

A
 
f
o
r
c
e
 
i
s
 
a
 
p
u
s
h
 
o
r
 
p
u
l
l

i
n
 
s
o
m
e
 
d
i
r
e
c
t
i
o
n
.

t
l

1
-
3

R
e
a
d
i
n
g
:

R
e
a
d
 
p
a
g
e
s
 
3
-
7
 
s
i
l
e
n
t
l
y

a
n
d
 
t
h
e
n
 
a
l
o
u
d
 
(
i
f
 
t
i
m
e
 
p
e
r
m
i
t
s
)
.

N
e
w
 
W
o
r
d
s
:
 
e
n
e
r
g
y
,
 
m
e
c
h
a
n
i
c
a
l
,
 
w
a
r
k

f
o
r
c
e

M
a
t
e
r
i
a
l
s
:
 
2
 
r
o
d
s
,
 
1
0
'
r
o
p
e

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

C
a
n
 
I
 
s
e
e
 
e
n
e
r
g
y
?

2
.

W
h
e
r
e
 
i
s
 
e
n
e
r
g
y
?

3
.

H
o
w
 
m
a
n
y
 
d
i
f
f
e
r
e
n
t
 
k
i
n
d
s
 
o
f

e
n
e
r
g
y
 
a
r
e
 
t
h
e
r
e
?

4
.

W
h
e
n
 
i
s
 
s
o
m
e
o
n
e
 
d
o
i
n
g
 
w
o
r
k
?

5
.

W
h
y
 
c
o
u
l
d
 
y
o
u
 
p
u
l
l
 
t
h
e
 
r
o
d
s

t
o
g
e
t
h
e
r
 
w
i
t
h
 
t
h
e
 
r
o
p
e
?

c
o I
-
.
 
D
i
s
c
u
s
s
i
o
n
:

D
i
s
c
u
s
s
 
w
i
t
h
 
t
h
e
 
p
u
p
i
l
s
 
t
h
e
i
r
 
u
n
d
e
r
s
t
a
n
d
i
n
g
s
 
o
f
 
t
h
e
 
w
o
r
d
s
:

e
n
e
r
g
y
,
 
f
o
r
c
e
,
 
w
o
r
k
.

A
c
c
e
p
t
 
t
h
e
i
r
 
i
d
e
a
s
 
b
u
t
 
c
a
u
t
i
o
n
 
t
h
e
m
 
t
h
a
t
 
t
h
e

s
c
i
e
n
t
i
s
t
 
h
a
s
 
a
 
s
p
e
c
i
a
l
 
m
e
a
n
i
n
g
 
f
o
r
 
e
a
c
h
 
o
f
 
t
h
e
s
e
 
w
o
r
d
s
.

H
e
l
p
 
p
u
p
i
l
s

u
n
d
e
r
s
t
a
n
d
 
t
h
e
 
s
c
i
e
n
t
i
s
t
'
s
 
m
e
a
n
i
n
g
 
f
o
r
 
t
h
e
s
e
 
w
o
r
d
s
.

M
a
k
e
 
a
 
l
i
s
t
 
o
n

c
h
a
l
k
b
o
a
r
d
 
o
f
 
e
x
a
m
p
l
e
s
 
o
f
 
s
o
u
r
c
e
s
 
o
f
 
e
n
e
r
g
y
 
(
p
e
o
p
l
e
,
 
f
o
o
d
s
,

e
l
e
c
t
r
i
c
i
t
y
,
 
s
u
n
l
i
g
h
t
.
.
.
.
)
,
 
w
o
r
k
 
(
t
a
l
k
i
n
g
,
 
w
a
l
k
i
n
g
,
 
b
r
e
a
t
h
i
n
g
,
 
a
n
d

m
o
v
i
n
g
 
o
b
j
e
c
t
)
,
 
f
o
r
c
e
 
(
k
i
n
d
,
 
b
a
s
e
b
a
l
l
 
b
a
t
t
e
r
,
 
w
e
i
g
h
t
 
o
f
 
p
e
r
s
o
n
)
.

*
A
c
t
i
v
i
t
i
e
s
:
 
H
a
v
e
 
t
w
o
 
b
o
y
s
 
c
o
m
e
 
t
o
 
f
r
o
n
t
 
o
f
 
r
o
o
m
.

T
e
a
c
h
e
r
 
a
n
d
 
o
n
e

b
o
y
 
h
o
l
d
 
t
h
e
 
t
w
o
 
r
o
d
s
.

S
e
c
o
n
d
 
b
o
y
 
s
t
a
n
d
s
 
b
e
t
w
e
e
n
 
t
h
e
 
t
e
a
c
h
e
r

a
n
d
 
o
t
h
e
r
 
b
o
y
.

S
e
c
o
n
d
 
t
o
y
 
t
r
i
e
s
 
t
o
 
p
u
l
l
 
r
o
d
s
 
t
o
g
e
t
h
e
r
 
w
h
i
l
e

t
e
a
c
h
e
r
 
a
n
d
 
f
i
r
s
t
 
b
o
y
 
t
r
y
 
t
o
 
k
e
e
p
 
r
o
d
s
 
s
e
p
a
r
a
t
e
d
 
(
a
s
 
s
h
o
w
n
 
i
n

f
i
g
u
r
e
 
1
)
.

N
e
x
t
,
 
t
i
e
 
r
o
p
e
 
o
n
t
o
 
o
n
e
 
r
o
d
 
a
n
d
 
w
r
a
p
 
i
t
 
a
r
o
u
n
d
 
r
o
d
s

(
a
s
 
s
h
o
w
n
 
i
n
 
f
i
g
u
r
e
 
2
)
.

H
a
v
e
 
s
e
c
o
n
d
 
b
o
y
 
s
t
a
n
d
 
b
e
h
i
n
d
 
t
e
a
c
h
e
r

a
n
d
 
p
u
l
l
 
o
n
 
r
o
p
e
.

T
e
a
c
h
e
r
 
a
n
d
 
f
i
r
s
t
 
p
u
p
i
l
 
w
i
l
l
 
n
o
t
 
b
e
 
a
b
l
e

t
o
 
k
e
e
p
 
t
h
e
 
r
o
d
s
 
a
p
a
r
t
.

I
n
v
i
t
e
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
t
h
e
 
s
a
m
e

p
e
r
s
o
n
 
c
o
u
l
d
 
p
u
l
l
 
t
h
e
 
r
o
d
s
 
t
o
g
e
t
h
e
r
 
w
i
t
h
 
t
h
e
 
r
o
p
e
,
 
b
u
t
 
n
o
t

w
i
t
h
o
u
t
 
i
t
.

R
e
p
e
a
t
 
w
i
t
h
 
a
n
o
t
h
e
r
 
g
r
o
u
p
 
i
f
 
t
i
m
e
 
p
e
r
m
i
t
s
.

I
n
 
t
h
e

d
i
s
c
u
s
s
i
o
n
 
a
n
d
 
a
t
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
,
 
c
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e

e
x
i
s
t
i
n
g
 
f
o
r
c
e
s
,
 
s
o
u
r
c
e
s
 
o
f
 
e
n
e
r
g
y
,
 
w
o
r
k
 
d
o
n
e
.

F
i
g
.
 
1

P
u
p
i
l
 
t
r
i
e
s
 
t
o
 
p
u
l
l
 
r
o
d
s
 
t
o
g
e
t
h
e
r

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

U
s
i
n
g
 
t
h
e
 
r
o
p
e
 
(
a
s
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e
 
2
)
 
w
i
l
l
 
m
a
k
e

a
 
f
o
r
m
 
o
f
 
p
u
l
l
e
y
 
s
y
s
t
e
m
.
'
 
T
h
i
s
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
 
h
a
s
 
i
n
c
r
e
a
s
e
d
 
t
h
e

m
a
g
n
i
t
u
d
e
 
o
f
 
h
i
s
 
f
o
r
c
e
 
a
b
o
u
t
 
f
o
u
r
 
t
i
m
e
s
.

D
o
n
'
t
 
b
o
t
h
e
r
 
t
o
 
i
d
e
n
t
i
f
y

t
h
i
s
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
 
a
t
 
t
h
i
s
 
t
i
m
e
.

T
e
l
l
 
t
h
e
 
p
u
p
i
l
s
 
t
h
a
t
 
t
h
e
y
'
l
l
 
m
e
e
t

t
h
i
s
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
 
l
a
t
e
r
 
a
n
d
 
y
o
u
 
w
a
n
t

t
o
 
d
i
s
c
o
v
e
r
 
i
f
 
t
h
e
y
 
w
i
l
l

r
e
c
o
g
n
i
z
e
 
i
t
.

F
i
g
.
 
2

R
o
p
e
 
a
t
t
a
c
h
e
d
 
t
o
 
r
o
d
s

5
/
6
5



S
E
C
O
N
D
 
D
A
Y
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

A
 
m
a
c
h
i
n
e
 
m
a
k
e
s
 
i
t
 
e
a
s
i
e
r
 
t
o
 
d
o
 
w
o
r
k
.

2
.

A
 
l
e
v
e
r
 
i
s
 
o
n
e
 
k
i
n
d
 
o
f
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
.

3
.

I
n
 
a
 
f
i
r
s
t
-
c
l
a
s
s
 
l
e
v
e
r
 
t
h
e
 
f
u
l
c
r
u
m
 
i
s

b
e
t
w
e
e
n
 
t
h
e
 
l
o
a
d
 
a
n
d
 
t
h
e
 
e
f
f
o
r
t
 
f
o
r
c
e
.

1
-
4

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

4
.

I
n
 
a
 
s
e
c
o
n
d
-
c
l
a
s
s
 
l
e
v
e
r
,
 
t
h
e
 
l
o
a
d
 
i
s
 
a
l
w
a
y
s

b
e
t
w
e
e
n
 
t
h
e
 
e
f
f
o
r
t
 
f
o
r
c
e
 
a
n
d
 
t
h
e

f
u
l
c
r
u
m
.

5
.

I
n
 
a
 
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
,
 
t
h
e
 
l
o
a
d

i
s
 
a
l
w
a
y
s

b
e
t
w
e
e
n
 
t
h
e
 
f
u
l
c
r
u
m
 
a
n
d
 
t
h
e
 
f
o
r
c
e
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
a
g
e
s
 
1
0
-
1
2
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

l
e
v
e
r
,
 
f
u
l
c
r
u
m
,
 
e
f
f
o
r
t

f
o
r
c
e
,
 
l
o
a
d

M
a
t
e
r
i
a
l
s
:

9
-
f
o
o
t
 
p
l
a
n
k
,
 
4
 
b
o
o
k
s

P
u
p
i
l
s
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
 
i
s
 
a
 
l
e
v
e
r
?

2
.

W
h
e
r
e
 
d
o
 
w
e
 
u
s
e
 
l
e
v
e
r
s
?

3
.

W
h
y
 
d
o
 
w
e
 
n
e
e
d
 
m
a
c
h
i
n
e
s
?

4
.

W
h
e
r
e
 
i
s
 
t
h
e
 
f
u
l
c
r
u
m
?

5
.

H
o
w
 
a
r
e
 
t
h
e
 
f
i
s
h
i
n
g
 
p
o
l
e
s
 
b
e
i
n
g
 
u
s
e
d
?

6
.

H
o
w
 
c
a
n
 
y
o
u
 
r
e
m
e
m
b
e
r
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e

b
e
t
w
e
e
n
 
1
s
t
,
 
2
n
d
,
 
3
r
d
 
c
l
a
s
s
 
l
e
v
e
r
s
?

D
i
s
c
u
s
s
i
o
n
:

A
s
k
 
p
u
p
i
l
s
 
t
o
 
r
e
a
d
 
p
a
g
e
s
 
1
0
-
1
2
 
a
n
d
 
a
t
t
e
m
p
t
 
t
o
 
a
n
s
w
e
r
 
s
o
m
e

o
f
 
t
h
e
 
q
u
e
s
t
i
o
n
s
 
l
i
s
t
e
d
 
a
b
o
v
e
.

D
u
r
i
n
g
 
t
h
e
 
d
i
s
c
u
s
s
i
o
n
 
a
s
k
 
t
h
e
m
 
t
o

i
n
t
e
r
p
r
e
t
 
t
h
e
 
p
i
c
t
u
r
e
s
 
w
h
i
c
h
 
a
c
c
o
m
p
a
n
y
 
t
h
e

r
e
a
d
i
n
g
.

L
i
s
t
 
o
n
 
t
h
e

c
h
a
l
k
b
o
a
r
d
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
k
i
n
d
s
 
o
f
 
l
e
v
e
r
s
 
w
h
i
c
h

t
h
e
y
 
w
i
l
l
 
f
i
n
d
 
a
t

s
c
h
o
o
l
 
o
r
 
i
n
 
t
h
e
i
r
 
h
o
m
e
 
(
p
e
n
c
i
l
s
,
 
s
c
i
s
s
o
r
s
,
 
t
e
e
t
e
r
 
t
o
t
t
e
r
,

p
l
i
e
r
s
,

b
r
o
o
m
,
 
w
h
e
e
l
b
a
r
r
o
w
,
 
s
h
o
v
e
l
)
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
b
r
i
n
g
 
e
x
a
m
p
l
e
s
 
o
f
 
l
e
v
e
r
s
 
t
o

c
l
a
s
s
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
c
o
m
b
i
n
a
t
i
o
n
s
 
o
f
 
t
w
o

l
e
v
e
r
s
 
i
n
 
s
c
i
s
s
o
r
s
,

t
w
e
e
z
e
r
s
,
 
p
l
i
e
r
s
.

I
f
 
p
o
s
s
i
b
l
e
,
 
h
a
v
e
 
e
x
a
m
p
l
e
s

t
h
e
s
e
 
s
i
m
p
l
e

m
a
c
h
i
n
e
s
 
b
r
o
u
g
h
t
 
t
o
 
c
l
a
s
s
.

U
s
e
 
t
h
e
 
w
o
r
d
"
F
U
-
L
-
F
"
 
a
s
 
a
 
m
n
e
m
o
n
i
c

d
e
v
i
c
e
 
t
o

h
e
l
p
 
p
u
p
i
l
s

r
e
m
e
m
b
e
r
 
t
h
e
 
t
h
r
e
e
 
c
l
a
s
s
e
s
 
o
f
 
l
e
v
e
r
s
:

F
U
l
c
r
u
m
 
i
n
 
m
i
d
d
l
e
 
(
1
s
t

c
l
a
s
s
)
.
.
.
L
o
a
d
 
i
n
 
m
i
d
d
l
e
 
(
2
n
d
 
1
a
s
s
)
.
.
.
F
o
r
c
e

i
n
 
m
i
d
d
l
e
 
(
3
r
d
 
c
l
a
s
s
)
.

*
A
c
t
i
v
i
t
i
e
s
:

U
s
e
 
p
l
a
n
k
 
t
o
 
f
o
r
m
 
a
 
l
e
v
e
r
 
w
i
t
h
 
t
h
e

f
u
l
c
r
u
m
 
i
n
 
t
h
e
 
m
i
d
d
l
e

X
a
s
 
s
h
o
w
n
 
i
n
 
f
i
g
u
r
e
 
1
)
.

T
w
o
 
b
o
o
k
s
 
t
i
e
d
 
t
o
g
e
t
h
e
r
 
w
i
t
h
 
s
t
r
i
n
g
 
c
a
n

b
e

u
s
e
d
 
a
s
 
t
h
e
 
"
l
o
a
d
"
 
o
r
 
a
s
 
t
h
e
 
"
l
i
f
t
i
n
g

f
o
r
c
e
.
"

T
r
y
 
d
i
f
f
e
r
e
n
t
 
w
e
i
g
h
t
s

o
f
 
b
o
o
k
s
 
a
s
 
t
h
e
 
l
o
a
d
.

A
s
k
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
t
o
 
c
o
m
e
 
t
o

t
h
e
 
f
r
o
n
t

o
f
 
t
h
e
 
r
o
o
m
 
t
o
 
f
o
r
m
 
a
 
s
e
c
o
n
d
-
c
l
a
s
s
 
l
e
v
e
r
a
n
d
 
a
 
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
.

R
e
i
n
f
o
r
c
e
 
t
h
e
s
e
 
c
o
n
c
e
p
t
s
 
w
i
t
h
 
i
l
l
u
s
t
r
a
t
i
o
n
s
 
a
t

t
h
e
 
c
h
a
l
k
b
o
a
r
d
.

-
F
i
g
.
 
I

P
l
a
n
k
 
a
r
r
a
n
g
e
d
 
a
s
 
L
e
v
e
r

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
l
i
s
t
 
o
f
 
f
i
r
s
t
-
c
l
a
s
s
 
l
e
v
e
r
s
 
w
i
l
l
 
i
n
c
l
u
d
e
:

h
a
m
m
e
r
,
 
s
c
i
s
s
o
r
s
,
 
t
e
e
t
e
r
 
t
o
t
t
e
r
,
 
c
r
o
w
b
a
r
.

T
h
e
 
l
i
s
t
 
o
f
 
s
e
c
o
n
d
-

c
l
a
s
s
 
l
e
v
e
r
s
 
w
i
l
l
 
i
n
c
l
u
d
e
:
 
w
h
e
e
l
b
a
r
r
o
w
,
 
b
o
t
t
l
e
 
o
p
e
n
e
r
,
 
n
u
t
c
r
a
c
k
e
r
.

T
h
e
 
l
i
s
t
 
o
f
 
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
s
 
w
i
l
l
 
i
n
c
l
u
d
e
:
 
f
i
s
h
i
n
g
 
p
o
l
e
,
 
b
r
o
o
m
.

T
h
e
 
f
i
s
h
i
n
g
 
p
o
l
e
s
 
o
n
 
p
a
g
e
 
1
3
 
o
f
 
t
h
e
 
t
e
x
t
 
a
r
e
 
u
s
e
d
 
d
i
f
f
e
r
e
n
t
l
y
.

T
h
e
 
b
o
y
 
i
s
 
u
s
i
n
g
 
a
 
f
i
r
s
t
-
c
l
a
s
s
 
l
e
v
e
r
 
s
i
n
c
e
 
h
i
s
 
t
a
g
 
i
s
 
t
h
e

l
o
a
d

a
n
d
 
t
h
e
 
s
t
i
c
k
 
:
k
i
s
 
t
h
e
 
f
u
l
c
r
u
m
.

T
h
e
 
g
i
r
l
 
i
s
 
u
s
i
n
g
 
t
h
e
 
f
i
s
h
i
n
g

p
o
l
e
 
i
n
 
t
h
e
 
c
u
s
t
o
m
a
r
y
 
w
a
y
 
(
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
)
.

F
i
r
s
t
 
C
l
a
s
s

S
u
c
o
n
d
 
c
l
a
s
s

F
i
t
s
.
 
2

f
h
r
e
i
 
C
l
a
s
s
e
s
 
o
f
 
L
e
v
e
r

T
h
i
r
d
 
C
l
a
s
s



T
H
I
R
D
 
D
A
Y

-
.
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

T
h
e
 
l
o
a
d
 
a
r
m
 
i
s
 
t
h
e
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e

f
u
l
c
r
u
m
 
a
n
d
 
t
h
e
 
l
o
a
d
.

2
.

T
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
t
h
e
 
d
i
s
t
a
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e

f
u
l
c
r
u
m
 
a
n
d
 
t
h
e
 
e
f
f
o
r
t
 
f
o
r
c
e
.

3
.

P
l
i
e
r
s
,
 
b
o
t
t
l
e
 
o
p
e
n
e
r
s
,
 
b
r
o
o
m
s
,
 
b
a
s
e
b
a
l
l

b
a
t
s
,
 
a
n
d
 
s
h
o
v
e
l
s
 
a
r
e
 
e
x
a
m
p
l
e
s
 
o
f
 
t
h
e

l
e
v
e
r
.

4
.

W
h
e
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e
 
l
o
a
d

a
r
m
,
 
a
 
s
m
a
l
l
 
f
o
r
c
e
 
m
o
v
e
s
 
a
 
h
e
a
v
y
 
l
o
a
d
.

5
.

W
h
e
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
a
s
 
l
o
n
g
 
a
s
 
t
h
e
 
l
o
a
d

a
r
m
,
 
n
o
 
m
e
c
h
a
n
i
c
a
l
 
a
d
v
a
n
t
a
g
e
 
i
s
 
g
a
i
n
e
d
.

1
-
5

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

R
E
V
I
S
E
D

R
e
a
d
i
n
g
.
:

R
e
a
d
 
p
a
g
e
s
 
1
3
-
1
5
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

l
o
a
d
 
a
r
m
,
 
f
o
r
c
e
 
a
r
m

M
a
t
e
r
i
a
l
s
:

h
a
n
d
 
s
c
a
l
e
,
 
p
l
a
n
k
,
 
c
h
a
i
r
,

w
e
i
g
h
t
s
,
 
l
e
v
e
r
s
 
f
o
r
 
p
u
p
i
l
s
,
 
w
a
s
h
e
r
s

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
'
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e

l
o
a
d
 
a
r
m
 
a
n
d
 
t
h
e
 
f
o
r
c
e
 
a
r
m
?

2
.

W
h
a
t
 
i
s
 
m
e
a
n
t
 
b
y
 
"
t
r
a
d
i
n
g
 
f
o
r
c
e

f
o
r
 
d
i
s
t
a
n
c
e
?
"

t
4
,
,

D
i
s
c
u
s
s
i
o
n
:

B
r
i
e
f
l
y
 
r
e
v
i
e
w
 
p
u
p
i
l
s
'
 
u
n
d
e
r
s
t
a
n
d
i
n
g
 
o
f
 
t
h
e

"
)

t
h
r
e
e
 
c
l
a
s
s
e
s
 
o
f
 
l
e
v
e
r
 
(
F
U
L
F
)
.

C
l
a
r
i
f
y
 
t
h
e
 
m
e
a
n
i
n
g
 
o
f
 
t
h
e

t
e
r
m
s
 
"
l
o
a
d
 
a
r
m
"
 
a
n
d
 
"
f
o
r
c
e
 
a
r
m
.
"

U
s
e
 
i
l
l
u
s
t
r
a
t
i
o
n
s
 
a
t
 
t
h
e
 
c
h
a
l
k
-

b
o
a
r
d
. D
i
s
c
u
s
s
 
t
h
e
 
i
l
l
u
s
t
r
a
t
i
o
n
s
 
o
n

s
i
z
e
 
o
f
 
l
o
a
d
 
a
r
m
 
a
n
d
 
f
o
r
c
e
 
a
r
m
.

1
0
0
 
t
i
m
e
s
 
m
o
r
e
 
t
h
a
n
 
t
h
e
 
b
o
y
,
 
t
h
e

t
i
m
e
s
 
a
s
 
f
a
r
 
f
r
o
m
 
t
h
e
 
f
u
l
c
r
u
m
 
a
s

t
o
 
b
a
l
a
n
c
e
 
e
v
e
n
l
y
.

p
a
g
e
s
 
1
4
 
a
n
d
 
1
5
 
o
f
 
t
h
e
 
t
e
x
t
.

N
o
t
e

I
f
 
t
h
e
 
e
l
e
p
h
a
n
t
 
w
e
i
g
h
e
d
 
a
b
o
u
t

b
o
y
 
w
o
u
l
d
 
h
a
v
e
 
t
o
 
b
e
 
a
b
o
u
t
 
1
0
0

t
h
e
 
e
l
e
p
h
a
n
t
 
i
n
 
o
r
d
e
r
 
f
o
r
 
t
h
e
m

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

LO
A

D
L

.4
7)

14
F

O
R

C
E

FA
R

M
f

F
i
g
.
 
1

T
a
b
l
e
 
o
f
 
L
o
a
d
-
F
o
r
c
e
 
R
e
l
a
t
i
o
n
s
h
i
p
s

f
o
r
 
L
e
v
e
r

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

W
i
t
h
 
t
h
r
e
e
 
w
a
s
h
e
r
s
 
a
t
 
t
w
o
 
u
n
i
t
s
 
f
r
o
m
 
t
h
e

f
u
l
c
r
u
m
,
 
o
n
l
y
 
t
w
o
 
w
a
s
h
e
r
s
 
w
i
l
l
 
b
e
 
n
e
e
d
e
d
 
a
t
 
t
h
r
e
e
 
u
n
i
t
s
 
f
r
o
m

t
h
e
 
f
u
l
c
r
u
m
.

W
h
e
n
 
t
h
e
 
r
e
d
 
l
o
a
d
 
a
r
m
 
i
s
 
o
n
e
 
u
n
i
t
 
a
n
d
 
t
h
e
 
l
o
a
d

i
s
 
t
h
r
e
e
 
w
a
s
h
e
r
s
,
 
a
 
l
i
f
t
i
n
g
 
f
o
r
c
e
 
o
f
 
o
n
e
 
w
a
s
h
e
r
 
a
t
 
3
 
u
n
i
t
s
 
f
r
o
m

t
h
e
 
f
u
l
c
r
u
m
 
w
i
l
l
 
b
a
l
a
n
c
e
 
t
h
e
 
l
o
a
d
.

U
s
e
 
t
h
e
 
c
h
a
r
t
 
i
n
 
F
i
g
.
 
1
 
t
o
 
r
e
i
n
f
o
r
c
e
 
t
h
e
i
r
 
u
n
d
e
r
s
t
a
n
d
i
n
g
s
.

S
o
m
e
 
p
u
p
i
l
s
 
w
i
l
l
 
b
e
 
a
b
l
e
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
:

(
l
o
a
d
)

x
(
l
o
a
d
 
a
r
m
)
 
=
 
(
f
o
r
c
e
)

x
(
f
o
r
c
e
 
a
r
m
)

*
A
c
t
i
v
i
t
i
e
s
:

U
s
e
 
t
h
e
 
1
0
-
f
o
o
t
 
p
l
a
n
k
 
t
o
 
r
e
v
i
e
w
 
b
r
i
e
f
l
y
 
t
h
e
 
t
h
r
e
e

c
l
a
s
s
e
s
 
o
f
 
l
e
v
e
r
.

I
n
 
e
a
c
h
 
i
n
s
t
a
n
c
e
,
 
h
a
v
e
 
t
h
e
 
p
u
p
i
l
s
 
i
d
e
n
t
i
f
y
 
t
h
e

f
u
l
c
r
u
m
,
 
l
o
a
d
,
 
a
n
d
 
l
i
f
t
i
n
g
 
f
o
r
c
e
.

B
a
l
a
n
c
e
 
t
h
e
 
p
l
a
n
k
 
t
o
 
f
o
r
m
 
a
 
1
s
t
 
c
l
a
s
s
 
l
e
v
e
r
.

U
s
e
 
t
w
o
 
o
r
 
m
o
r
e

b
o
o
k
s
 
t
i
e
d
 
t
o
g
e
t
h
e
r
 
a
s
 
t
h
e
 
l
o
a
d
.

P
l
a
c
e
 
a
 
4
#
 
l
o
a
d
 
a
p
p
r
o
x
i
m
a
t
e
l
y
 
2
'

f
r
o
m
 
t
h
e
 
f
u
l
c
r
u
m
.

H
a
v
e
 
a
 
p
u
p
i
l
 
u
s
e
 
t
h
e
 
h
a
n
d
 
s
p
r
i
n
g
 
b
a
l
a
n
c
e
 
t
o

r
a
i
s
e
 
t
h
e
 
l
o
a
d
 
w
h
e
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
4
'
 
(
S
e
e
 
F
i
g
.
 
1
)
.

A
s
k
 
p
u
p
i
l
s

t
o
 
e
s
t
i
m
a
t
e
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
f
o
r
c
e
 
b
e
f
o
r
e
 
t
h
e
 
p
u
p
i
l
 
a
c
t
u
a
l
l
y
 
l
i
f
t
s

t
h
e
 
l
o
a
d
 
w
i
t
h
 
t
h
e
 
h
a
n
d
 
s
p
r
i
n
g
 
b
a
l
a
n
c
e
.

R
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
y
 
w
i
t
h

a
 
4
#
 
l
o
a
d
 
a
n
d
 
a
 
4
#
 
f
o
r
c
e
 
(
a
n
o
t
h
e
r
 
p
a
c
k
 
o
f
 
b
o
o
k
s
)
 
t
o
 
i
l
l
u
s
t
r
a
t
e

t
h
a
t
 
t
h
e
 
e
q
u
a
l
 
f
o
r
c
e
s
 
w
i
l
l
 
b
a
l
a
n
c
e
 
w
h
e
n
 
t
h
e
y
 
a
r
e
 
a
t
 
e
q
u
a
l
 
d
i
s
t
a
n
c
e
s

f
r
o
m
 
t
h
e
 
f
u
l
c
r
u
m
s

T
a
k
e
 
t
h
e
 
p
u
p
i
l
 
l
e
v
e
r
 
(
F
i
g
 
2
)
 
a
n
d
 
t
w
i
s
t
 
i
t
 
s
o
 
t
h
a
t
 
t
h
e
 
r
e
d
-

g
r
e
e
n
 
l
e
v
e
r
 
m
o
v
e
s
 
f
r
e
e
l
y
 
a
r
o
u
n
d
 
t
h
e
 
n
a
i
l
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
i
d
e
n
t
i
f
y
 
t
h
e
 
f
u
l
c
r
u
m
.

A
r
b
i
t
r
a
r
i
l
y
 
i
d
e
n
t
i
f
y
 
r
e
d
 
a
s
 
t
h
e
 
l
o
a
d
 
a
n
d
 
g
r
e
e
n
 
a
s
 
t
h
e
 
l
i
f
t
i
n
g
 
f
o
r
c
e
.

S
h
o
w
 
p
u
p
i
l
s
 
h
o
w

d
i
f
f
e
r
e
n
t
 
c
o
m
b
i
n
a
t
i
o
n
s
 
o
f
 
w
a
s
h
e
r
s
 
o
n
 
t
h
e
 
r
e
d
 
s
i
d
e
 
c
a
n
 
b
e
 
b
a
l
a
n
c
e
d
 
b
y
 
o
t
h
e
r
 
c
o
m
b
i
n
a
t
i
o
n
s

o
n
 
t
h
e
 
g
r
e
e
n
 
s
i
d
e
.

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
d
o
 
t
h
i
s
-
f
o
r
-
t
h
e
i
r
 
c
l
a
s
s
m
a
t
e
s
.

F
i
g
.
 
2

P
u
p
i
l
s
'
 
L
e
v
e
r



F
O
U
R
T
H
 
D
A
Y
 
-
_

G
E
N
E
R
A
L
L
Z
A
T
I
O
N
S

1
-
6

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1
.

W
h
e
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e

l
o
a
d
 
a
r
m
,
 
t
h
e
 
e
f
f
o
r
t
 
f
o
r
c
e
 
i
s
 
m
o
v
e
d

a
 
g
r
e
a
t
e
r
 
d
i
s
t
a
n
c
e
 
t
h
a
n
 
t
h
e
 
l
o
a
d
.

2
.

W
h
e
n
 
t
h
e
 
l
o
a
d
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e

f
o
r
c
e
 
a
r
m
,
 
t
h
e
 
l
o
a
d
 
t
r
a
v
e
l
s
 
f
a
r
t
h
e
r

t
h
a
n
 
t
h
e
 
f
o
r
c
e
.

3
.

W
h
e
n
 
t
h
e
 
l
o
a
d
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e

f
o
r
c
e
 
a
r
m
,
 
t
h
e
 
l
o
a
d
 
t
r
a
v
e
l
s
 
f
a
s
t
e
r
 
t
h
a
n

t
h
e
 
f
o
r
c
e
.

4
.

W
h
e
n
 
t
h
e
 
l
o
a
d
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e

f
o
r
c
e
 
a
r
m
,
 
t
h
e
 
f
o
r
c
e
 
m
u
s
t
 
b
e
 
g
r
e
a
t
e
r

t
h
a
n
 
t
h
e
 
l
o
a
d
 
i
n
 
o
r
d
e
r
 
t
o
 
m
o
v
e
 
i
t
.

R
e
a
d
i
n
g
:

C
o
m
p
l
e
t
e
 
r
e
a
d
i
n
g
 
p
a
g
e
s
 
1
3
-
1
5

N
e
w
 
W
o
r
d
s
:

S
p
e
e
d

M
a
t
e
r
i
a
l
s
:

b
a
s
e
b
a
l
l
 
b
a
t
,
 
b
r
o
o
m
,
 
h
a
n
d

s
p
r
i
n
g
 
b
a
l
a
n
c
e
,
 
p
l
a
n
k
,
 
b
o
o
k
s
 
f
o
r

w
e
i
g
h
t
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
e
n
 
d
o
 
w
e
 
w
a
n
t
 
t
h
e
 
l
o
a
d
 
a
r
m
 
t
o

m
o
v
e
 
v
e
r
y
 
f
a
s
t
?

2
.

H
o
w
 
i
s
 
a
 
b
r
o
o
m
 
l
i
k
e
 
a
 
l
e
v
e
r
?

3
.

H
o
w
 
i
s
 
a
 
p
u
l
l
e
y
 
o
r
 
w
h
e
e
l
 
a
n
d

a
x
l
e
 
l
i
k
e
 
a
 
l
e
v
e
r
?

Fu

F

F
i
g
.
 
1

B
r
o
o
m
 
a
s
 
T
h
i
r
d
 
C
l
a
s
s
 
L
e
v
e
r

D
i
s
c
u
s
s
i
o
n
:

A
s
k
 
p
u
p
i
l
s
 
i
f
 
t
h
e
y
 
c
a
n
 
t
h
i
n
k
 
o
f
 
a
n
 
o
c
c
a
s
i
o
n
 
w
h
e
n
 
i
t
 
m
i
g
h
t

t
h
e
 
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
.

H
i
t
t
i
n
g
 
a
 
b
a
s
e
b
a
l
l
 
i
s
 
c
o
m
p
l
i
c
a
t
e
d

b
e
 
v
e
r
y
 
i
m
p
o
r
t
a
n
t
 
t
o
 
m
o
v
e
 
t
h
e
 
l
o
a
d
 
a
r
m
 
v
e
r
y
 
r
a
p
i
d
l
y
.

S
u
g
g
e
s
t
 
t
h
a
t

m
o
t
i
o
n
,
 
b
u
t
 
e
s
s
e
n
t
i
a
l
l
y
 
a
 
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
 
i
s
 
u
s
e
d
.

t
h
i
s
 
i
s
 
n
e
c
e
s
s
a
r
y
 
w
h
e
n
 
b
a
t
t
i
n
g
 
a
 
b
a
s
e
b
a
l
l
 
o
r
 
h
i
t
t
i
n
g
 
a
 
h
o
c
k
e
y
 
p
u
c
k

o
r
 
s
w
e
e
p
i
n
g
 
w
i
t
h
 
a
 
b
r
o
o
m
.

*
A
c
t
i
v
i
t
i
e
s
:

T
e
a
c
h
e
r
 
o
r
 
p
u
p
i
l
 
m
a
y
 
d
e
m
o
n
s
t
r
a
t
e
 
u
s
e
 
o
f
 
b
r
o
o
m
 
(
a
s
 
s
h
o
w
n

i
n
 
F
i
g
u
r
e
 
1
)
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
d
i
s
t
a
n
c
e
 
t
h
e
 
l
o
a
d
 
i
s
 
m
o
v
e
d

a
n
d
 
t
h
e
 
d
i
s
t
a
n
c
e
 
t
h
e
 
f
o
r
c
e
 
m
o
v
e
s
.

T
i
e
 
a
 
s
t
r
i
n
g
 
t
o
 
a
 
y
a
r
d
 
s
t
i
c
k

a
n
d
 
u
s
e
 
i
t
 
a
s
 
a
 
f
i
s
h
i
n
g
 
p
o
l
e
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e

t
h
a
t
 
t
h
e
 
l
o
a
d
 
a
r
m
 
i
s
 
l
o
n
g
e
r
 
t
h
a
n
 
t
h
e
 
f
o
r
c
e
 
a
r
m
 
i
n
 
t
h
e
 
t
h
i
r
d
-

c
l
a
s
s
 
l
e
v
e
r
s
.

T
h
e
y
 
s
h
o
u
l
d
 
a
l
s
o
 
b
e
 
a
b
l
e
 
t
o
 
s
e
e
 
t
h
a
t
 
w
h
e
n
 
a

t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
 
i
s
 
u
s
e
d
,
 
t
h
e
 
l
o
a
d
 
w
i
l
l
 
t
r
a
v
e
l
 
f
a
r
t
h
e
r
 
t
h
a
n

t
h
e
 
f
o
r
c
e
.

H
a
v
e
 
a
 
b
o
y
 
c
o
m
e
 
t
o
 
t
h
e
 
f
r
o
n
t
 
o
f
 
t
h
e
 
r
o
o
m
 
t
o

d
e
m
o
n
s
t
r
a
t
e
 
t
h
e
 
s
w
i
n
g
 
o
f
 
a
 
b
a
t
t
e
r
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e

l
o
a
d
 
d
i
s
t
a
n
c
e
 
a
n
d
 
t
o
 
t
h
e
 
f
o
r
c
e
 
d
i
s
t
a
n
c
e
.

A
s
k
 
p
u
p
i
l
s
 
i
f
 
m
o
r
e
 
f
o
r
c
e
 
o
r
 
l
e
s
s
 
f
o
r
c
e
 
w
i
l
l
 
b
e
 
n
e
e
d
e
d

t
o
 
m
o
v
e
 
a
 
l
o
a
d
 
w
i
t
h
 
a
 
t
h
i
r
d
-
c
l
a
s
s
 
l
e
v
e
r
.

E
n
c
o
u
r
a
g
e
 
t
h
e
m
 
t
o

e
x
p
l
a
i
n
 
t
h
e
i
r
 
r
e
a
s
o
n
s
.

U
s
e
 
t
h
e
 
p
l
a
n
k
 
a
s
 
a
 
l
e
v
e
r
 
t
o
 
c
h
e
c
k

t
h
e
 
p
u
p
i
l
s
'
 
e
s
t
i
m
a
t
e
s
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

I
n
 
e
a
c
h
 
i
n
s
t
a
n
c
e
 
c
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e

s
m
a
l
l
 
d
i
s
t
a
n
c
e
 
m
o
v
e
d
 
b
y
 
t
h
e
 
f
o
r
c
e
 
a
s
 
c
o
m
p
a
r
e
d

t
o
 
t
h
e

l
a
r
g
e
 
d
i
s
t
a
n
c
e
 
m
o
v
e
d
 
b
y
 
t
h
e
 
l
o
a
d
.

S
w
e
e
p
i
n
g
 
w
i
t
h
 
a
 
b
r
o
o
m

o
r
 
l
i
f
t
i
n
g
 
a
 
l
o
a
d
 
w
i
t
h
 
a
 
s
h
o
v
e
l
 
a
r
e
 
c
l
e
a
r
 
i
n
s
t
a
n
c
e
s
 
o
f
 
t
h
e

F
i
g
.
 
2

F
i
r
s
t
 
C
l
a
s
s
 
L
e
v
e
r

F
F
i
g
.
 
3

T
h
i
r
d
 
C
l
a
s
s
 
L
e
v
e
r



F
I
F
T
H
 
D
A
Y
 
-
 
S
H
O
W
 
F
I
L
M
S
T
R
I
P
 
#
3

1
-
7

"
L
E
V
E
R
S
 
A
T
 
W
O
R
K
"

J
A
M
 
H
A
N
D
Y
.
 
D
E
T
R
O
I
T
.
 
M
I
C
H
.

-
 
R
E
A
D
 
C
A
P
T
I
O
N
S
 
A
M
I
D
 
I
N
 
C
L
A
S
S

T
H
I
S
 
P
A
G
E
 
I
N
C
L
U
D
E
D
 
T
H
E
 
E
X
A
C
T
 
T
E
X
T
 
U
S
E
D
 
I
N

T
H
E
 
C
A
P
T
I
O
N
S
 
O
F
 
T
H
E
 
F
I
I
M
S
T
R
I
P
.

U
S
I
N
G
 
T
H
I
S

T
E
X
T
,
 
T
H
E
 
T
E
A
C
H
E
R
 
C
O
U
L
D
 
P
R
E
V
I
E
W
 
M
A
I
N

I
D
E
A
S

4
.
3

T
O
 
E
M
P
H
A
S
I
Z
E
 
I
N
 
T
H
E
 
F
I
D
I
S
T
R
I
P
.

T
H
E
 
T
E
X
T

I
S
 
N
O
T
 
I
N
C
L
U
D
E
D
 
H
E
R
E
 
I
N
 
O
R
D
E
R
 
T
O
 
A
V
O
I
D
 
I
N
-

F
R
I
N
G
E
M
E
N
T
 
O
F
 
J
A
M
 
H
A
N
D
Y
 
C
O
P
Y
R
I
G
H
T
.



S
I
X
T
H
 
D
A
Y
 
.
,

G
E

N
E

R
A

L
IZ

A
T

IO
N

S
1
-
8

6
1
.
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1
.

T
h
e
 
p
u
l
l
e
y
 
a
n
d
 
t
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
a
r
e

s
p
e
c
i
a
l
 
k
i
n
d
s
 
o
f
 
l
e
v
e
r
s
.

2
.

A
 
s
i
n
g
l
e
 
f
i
x
e
s
 
p
u
l
l
e
y
 
n
e
e
d
s
 
a

f
o
r
c
e

l
a
r
g
e
r
 
t
h
a
n
 
t
h
e
 
l
o
a
d
 
t
o
 
b
e
 
l
i
f
t
e
d
.

3
.

A
 
m
o
v
a
b
l
e
 
p
u
l
l
e
y
 
a
n
c
 
a

s
m
a
l
l
 
f
o
r
c
e

c
a
n
 
b
e
 
u
s
e
d
 
t
o
 
l
i
f
t
 
a

h
e
a
v
i
e
r
 
l
o
a
d
.

4
.

A
 
s
i
n
g
l
e
 
f
i
x
e
d
 
p
u
l
l
e
y
 
i
s
 
u
s
e
d
 
t
o

m
o
v
e
 
a
 
l
o
a
d
 
b
y
 
p
u
l
l
i
n
g

i
n
 
t
h
e

o
p
p
o
s
i
t
e
 
d
i
r
e
c
t
i
o
n
.

5
.

E
l
e
v
a
t
o
r
s
,
 
h
o
i
s
t
s
,
 
:
t
e
a
m
 
s
h
o
v
e
l
s

a
n
d

t
h
e
 
p
a
i
n
t
e
r
s
'

sc
af

fo
ld

s
u
s
e
 
p
u
l
l
e
y
:
:
:

R
e
a
d
i
n
g
:

R
e
a
d
 
p
a
g
e
s
 
1
6
-
1
7
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

p
u
l
l
e
y
,
 
s
t
r
a
n
d
s
,
 
m
o
v
a
b
l
e

p
u
l
l
e
y
,
 
s
i
n
g
l
e
-
f
i
x
e
d
 
p
u
l
l
e
y

M
a
t
e
r
i
a
l
s
:

r
o
p
e
,
 
w
e
i
g
h
t
s
,
 
s
i
n
g
l
e
 
a
n
d

d
o
u
b
l
e
 
p
u
l
l
e
y
s
,
 
p
o
l
e

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

I
f
 
a
 
l
e
v
e
r
 
i
s
 
l
i
k
e
 
a
 
p
u
l
l
e
y
 
w
h
e
r
e

i
s
 
t
h
e
 
f
u
l
c
r
u
m
 
o
n
 
t
h
e
 
p
u
l
l
e
y
?

2
.

W
h
e
r
e
 
a
r
e
 
p
u
l
l
e
y
:
,
 
u
s
e
d
?

3
.

W
h
a
t
 
i
s
 
a
 
2
-
s
t
r
a
n
d
 
p
u
l
l
e
y
?

4
.

W
h
a
t
 
i
s
 
a
 
3
-
s
t
r
a
n
d
 
p
u
l
l
e
y
?

5
.

I
n
 
F
i
g
u
r
e
 
2
,

w
h
e
r
e
 
i
s
 
t
h
e
 
f
o
r
c
e
 
a
r
m
?

t
o
.
)

D
i
s
c
u
s
s
i
o
n
:

U
t
i
l
i
z
e
 
p
i
c
t
u
r
e
s
 
o
f
 
p
u
l
l
e
y
 
i
n
 
b
o
o
k
 
o
r
 
a
t

c
h
a
l
k
b
o
a
r
d

t
o

i
d
e
n
t
i
f
y
 
s
i
m
i
l
a
r
i
t
i
e
s
 
b
e
t
w
e
e
n
 
l
e
v
e
r
 
a
n
d

p
u
l
l
e
y
 
(
F
i
g
u
r
e
s
 
1
,
2
)
.

A
s
k

p
u
p
i
l
s
 
t
o
 
r
e
a
d
 
p
a
g
e
s
 
1
6
-
1
7
 
a
n
d
 
t
r
y
 
t
o
 
a
n
s
w
e
r

q
u
e
s
t
i
o
n
s
 
1
,
2
,
3
,
4
,
 
(
a
b
o
v
e
)
.

I
n
 
F
i
g
u
r
e
 
2
,
 
t
h
e
 
s
o
l
i
d

l
i
n
e
 
i
s
 
t
h
e
 
"
l
o
a
d
 
a
r
m
"
 
a
n
d
 
t
h
e
 
d
o
t
t
e
d
 
l
i
n
e

i
s
 
t
h
e
 
"
f
o
r
c
e
 
a
r
m
.
"

A
c
t
i
v
i
t
i
e
s
:

H
a
n
g
 
a
 
p
u
l
l
e
y
 
f
r
o
m
 
a
n
 
o
v
e
r
h
e
a
d
 
s
u
p
p
o
r
t

(
F
i
g
u
r
e
 
2
)
.

U
s
e

a
 
s
i
n
g
l
e
 
p
u
l
l
e
y

(
F
i
g
u
r
e
 
2
)
 
t
o
 
l
i
f
t
 
a
 
4
#
 
l
o
a
d
 
o
f
 
b
o
o
k
s
.

H
a
v
e
 
o
n
e
 
o
f

t
h
e
 
p
u
p
i
l
s
 
u
s
e
 
a
 
h
a
n
d
 
s
p
r
i
n
g

b
a
l
a
n
c
e
 
t
o
 
m
e
a
s
u
r
e
 
t
h
e
 
f
o
r
c
e
 
n
e
e
d
e
d
 
t
o

l
i
f
t
 
t
h
e
 
l
o
a
d
.

A
t
t
a
c
h
 
a
 
m
o
v
a
b
l
e
 
p
u
l
l
e
y
 
(
F
i
g
u
r
e
 
3
)
 
t
o
 
t
h
e

4
#
 
l
o
a
d

a
n
d
 
m
e
a
s
u
r
e
 
t
h
e
 
l
i
f
t
i
n
g
 
f
o
r
c
e

n
e
e
d
e
d
 
t
h
i
s
 
t
i
m
e
.

U
r
g
e
 
p
u
p
i
l
s
 
t
o

i
d
e
n
t
i
f
y
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
s
t
r
a
n
d
s
 
c
o
m
i
n
g

f
r
o
m
 
t
h
e
 
l
o
a
d
.

R
e
p
e
a
t
 
t
h
e
 
s
a
m
e

a
c
t
i
v
i
t
y
 
u
s
i
n
g
 
w
e
i
g
h
t
s
 
o
f
 
6
#
 
a
n
d

8
#
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

A
 
p
u
l
l
e
y
 
i
s
 
s
i
m
i
l
a
r
 
t
o
 
a

f
i
r
s
t
-
c
l
a
s
s
 
l
e
v
e
r

h
a
v
i
n
g
 
e
q
u
a
l
 
d
i
s
t
a
n
c
e
s
 
f
o
r
 
l
o
a
d
 
a
r
m

a
n
d
 
f
o
r
c
e
 
a
r
m
.

T
h
i
s
 
i
s

i
l
l
u
s
t
r
a
t
e
d
 
i
n
 
F
i
g
u
r
e
s
 
1
 
a
n
d
 
2
.

A
 
f
o
r
c
e
 
g
r
e
a
t
e
r
 
t
h
a
n
 
t
h
e

l
o
a
d
 
w
i
l
l
 
b
e
 
r
e
q
u
i
r
e
d
 
w
h
e
n
 
a

s
i
n
g
l
e
-
s
t
r
a
n
d
 
p
u
l
l
e
y
 
i
s
 
u
s
e
d
 
t
o
 
m
o
v
e
 
a

l
o
a
d
.

T
h
e
 
e
x
t
r
a

f
o
r
c
e
 
i
s
 
n
e
e
d
e
d
 
t
o
 
o
v
e
r
c
o
m
e

f
r
i
c
t
i
o
n
.

W
i
t
h
 
2
 
2
-
s
t
r
a
n
d

p
u
l
l
e
y
 
3
0
4
 
c
a
n
 
b
e
 
l
i
f
t
e
d
 
b
y
 
a

1
5
#
 
f
o
r
c
e
.

W
i
t
h
 
a
 
3
-
s
t
r
a
n
d

p
u
l
l
e
y
,
 
3
0
4
 
c
a
n
 
b
e
 
l
i
f
t
e
d
 
b
y
 
a

1
0
4
E
 
f
o
r
c
e
.

F
i
g
 
1

F
i
r
s
t
 
C
l
a
s
s
 
L
e
v
e
r

F
i
g
.
 
2

L
o
a
d
,
 
F
o
r
c
e
,

F
u
l
c
r
u
m
 
o
f
 
F
i
x
e
d

P
u
l
l
e
y

F
i
g
.
 
3

L
e
a
d
,
 
F
o
r
c
e
,
 
F
u
l
c
r
u
m
 
o
f
 
M
o
v
a
b
l
e
 
P
u
l
l
e
y



S
E
V
E
N
T
H
 
D
A
Y

G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
9

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1
.

A
 
l
o
a
d
 
i
s
 
r
a
i
s
e
d
 
c
 
s
h
o
r
t
 
d
i
s
t
a
n
c
e

b
y
 
a

m
o
v
a
b
l
e
 
p
u
l
l
e
y
,
 
b
.
t
 
t
h
e
 
l
i
f
t
i
n
g
 
f
o
r
c
e

m
u
s
t
 
t
r
a
v
e
l
 
a
 
l
o
n
i
 
d
i
s
t
a
n
c
e
.

2
.

P
u
l
l
e
y
s
 
c
a
n
 
b
e
 
c
o
m
i
l
i
n
e
d
 
t
o
 
l
i
f
t
 
v
e
r
y

h
e
a
v
y
 
l
o
a
d
s
.

3
.

T
h
e
 
n
u
m
b
e
r
 
o
f
 
s
t
r
a
n
d
s
 
i
n
 
a
p
u
l
l
e
y
 
s
y
s
t
e
m

i
n
d
i
c
a
t
e
s
 
t
h
e
 
g
a
i
n
 
i
n
 
l
i
f
t
i
n
g
 
f
o
r
c
e
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
a
g
e
s
 
1
8
-
1
9
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

p
u
l
l
e
y
 
s
y
s
t
e
m
,
 
h
o
i
s
t
,

e
l
e
v
a
t
o
r
,
 
p
a
i
n
t
e
r
s
'
 
s
c
a
f
f
o
l
d

M
a
t
e
r
i
a
l
s
:

p
u
l
l
e
y
s
,
 
p
o
l
e
,
 
r
o
p
e
,
 
h
a
n
d

s
c
a
l
e
s
,
 
w
e
i
g
h
t
s

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

H
o
w
 
m
a
n
y
 
s
t
r
a
n
d
s
 
i
n
 
t
h
e
 
p
u
l
l
e
y
s
 
i
n

F
i
g
u
r
e
s
 
1
 
a
n
d
 
4
?

D
i
s
c
u
s
s
i
o
n
:

A
f
t
e
r
 
p
u
p
i
l
s
 
h
a
v
e
 
r
e
a
d
 
p
a
g
e
s
 
1
8
-
1
9
 
i
n
 
t
e
x
t
,

a
s
k
 
s
o
m
e
o
n
e

t
o
 
i
n
t
e
r
p
r
e
t
 
t
h
e
 
t
a
b
l
&
 
,
n
 
p
a
g
e

1
7
 
o
f
 
t
h
e
 
t
e
x
t
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o

n
o
t
e
 
t
h
e
 
r
e
l
a
t
i
o
n
 
b
e
t
w
e
e
n
 
n
u
m
b
e
r

o
f
 
s
t
r
a
n
d
s
 
a
n
d
 
e
f
f
o
r
t
 
f
o
r
c
e
.

P
u
p
i
l
s

s
h
o
u
l
d
 
r
e
c
o
g
n
i
z
e
 
t
h
e
 
r
a
n
t
i
o
n
 
b
e
t
w
e
e
n

n
u
m
b
e
r
 
o
f
 
s
t
r
a
n
d
s
 
a
n
d
 
t
h
e

c
oL
a
 
r
a
t
i
o
:
o
f
 
f
o
r
c
e
 
d
i
s
t
a
n
c
e
 
t
o
 
l
o
a
d
 
d
i
s
t
a
n
c
e
.

*
A
c
t
i
v
i
t
i
e
s
:

A
r
r
a
n
g
e
 
f
:
 
l
o
a
d
 
o
f
 
8
#
 
w
i
t
h
 
a
 
m
o
v
a
b
l
e

p
u
l
l
e
y
 
a
s
 
s
h
o
w
n

i
n
 
F
i
g
u
r
e
 
1
.

A
f
t
e
r
 
p
u
p
i
l
s
 
h
a
v
e
 
e
s
t
i
m
a
t
e
d
 
t
h
e
 
f
o
r
c
e
 
n
e
e
d
e
d

t
o
 
l
i
f
t
 
t
h
i
s
 
l
o
a
d
,
 
h
a
l
c
_
 
o
n
e
p
u
p
i
l
 
r
e
a
d
 
t
h
e
 
h
a
n
d
 
s
c
a
l
e
 
a
s
 
t
h
e

l
o
a
d
 
i
s
 
l
i
f
t
e
d
 
w
i
t
h
 
t
i
e
 
p
u
l
l
e
y
.

R
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
y
 
a
n
d

m
e
a
s
u
r
e
 
t
h
e
 
d
i
s
t
a
n
c
e
 
t
h
e
 
f
o
r
c
e
 
m
u
s
t
 
m
o
v
e

w
h
e
n
 
t
h
e
 
l
o
a
d
 
i
s
 
r
a
i
s
e
d

a
b
o
u
t
 
o
n
e
 
f
o
o
t
.

R
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
y
 
w
i
t
h
 
a
 
3
-
s
t
r
a
n
d
 
o
r

4
-
s
t
r
a
n
d

p
u
l
l
e
y
 
s
y
s
t
e
m
.

R
e
c
o
r
d
 
t
h
e
 
d
a
t
a
 
i
n
 
a
 
t
a
b
l
e
 
a
s
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e

2
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

P
u
p
i
l
s
 
w
i
l
l
 
s
t
a
t
e
 
t
h
a
t
 
t
h
e
 
l
i
f
t
i
n
g

f
o
r
c
e
 
i
s

f
o
u
n
d
 
b
y
 
d
i
v
i
d
i
n
g
 
t
h
e
 
l
o
a
d
 
b
y
 
t
h
e
 
n
u
m
b
e
r

o
f
 
s
t
r
a
n
d
s
 
i
n
 
t
h
e

p
u
l
l
e
y
 
s
y
s
t
e
m
.

T
h
a
t
 
i
s
,
 
a
 
5
-
s
t
r
a
n
d
 
p
u
l
l
e
y
 
c
a
n
 
b
e
 
u
s
e
d

t
o
 
l
i
f
t
 
a
 
6
0
1
 
l
o
a
d
 
w
i
t
h
 
o
n
l
y

1
2
#
 
o
f
 
f
o
r
c
e
 
(
6
0
#
4
-
 
5
)
.

H
e
l
p
 
t
h
e
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t

t
h
e
 
n
u
m
b
e
r
 
o
f
 
s
t
r
a
n
d
s

i
n
 
t
h
e
 
p
u
l
l
e
y
 
s
y
s
t
e
m
 
i
n
d
i
c
a
t
e
d
 
t
h
e

d
i
s
t
a
n
c
e
 
t
h
e
 
f
o
r
c
e
 
m
u
s
t

m
o
v
e
 
f
o
r
 
e
a
c
h
 
u
n
i
t
 
o
f

d
i
s
t
a
n
c
e
 
m
o
v
e
d
 
b
y
 
t
h
e
 
l
o
a
d
.

F
o
r

e
x
a
m
p
l
e
,
 
a
 
f
i
v
e
-
s
t
r
a
n
d
 
p
u
l
l
e
y
 
r
e
q
u
i
r
e
s
 
a

f
o
r
c
e
 
t
o
 
m
o
v
e
 
f
i
v
e

f
e
e
t
 
f
o
r
 
e
v
e
r
y
 
s
i
n
g
l
e
 
f
o
o
t
 
t
h
a
t

t
h
e
 
l
o
a
d
 
i
s
 
r
a
i
s
e
d
.

ST
R

A
PI

D
S

L
O

A
D

Fa
ce

Z
6*

? ?

F
i
g
.
 
2

T
a
b
l
e
 
o
f
 
L
o
a
d
-
F
o
r
c
e
 
R
e
l
a
t
i
O
n
s
h
i
p
s
 
f
o
r

P
u
l
l
e
y
s

R
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
y
 
u
s
e
d
 
o
n
 
t
h
e
 
f
i
r
s
t
 
d
a
y
 
o
f

t
h
e
 
u
n
i
t
 
w
i
t
h
 
t
h
e

t
w
o
 
r
o
d
s
 
a
n
d
 
t
h
e
 
r
o
p
e
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
n
o
t
e
 
t
h
a
t
 
t
h
i
s
 
s
i
m
p
l
e

m
a
c
h
i
n
e
 
w
a
s
 
a
 
f
o
r
m
 
o
f
 
p
u
l
l
e
y
 
s
y
s
t
e
m
.

A
r
A
i
n
i
m
r
,
A
w
m
P
i
o
r

F
i
g
.
 
1

T
w
o
-
S
t
r
a
n
d

M
o
v
a
b
l
e
 
P
u
l
l
e
y

F
i
g
.
 
3

P
u
l
l
e
y
 
S
y
s
t
e
m

U
s
i
n
g
 
t
w
o
 
R
o
d
s

F
i
g
.
 
4

F
o
u
r
-
S
t
r
a
n
d

P
u
l
l
e
y



E
I
G
H
T
H
 
A
N
D
 
N
I
N
T
H
 
D
A
Y
S
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

I
-
1
0

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1
.

W
h
e
n
 
a
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
i
s
 
t
u
r
n
e
d
,
 
a
p
o
i
n
t

o
n
 
t
h
e
 
r
i
m
 
o
f

t
h
e
 
w
h
e
e
l
 
t
r
a
v
e
l
s
 
f
a
r
t
h
e
r

t
h
a
n
 
d
o
e
s
 
a
 
p
o
i
n
t
 
o
n
 
t
h
e
 
r
i
m
 
o
f
 
t
h
e
 
a
x
l
e
.

2
.

W
h
e
n
 
a
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
i
s
 
t
u
r
n
e
d
,
 
t
h
e

e
d
g
e
 
o
f
 
t
h
e
 
w
h
e
e
l
 
t
r
a
v
e
l
s
 
f
a
s
t
e
r

t
h
a
n
 
t
h
e

e
d
g
e
 
o
f
 
t
h
e
 
a
x
l
e
.

3
.

A
 
s
m
a
l
l
 
f
o
r
c
e
 
o
n
 
t
h
e
 
w
h
e
e
l
 
w
i
l
l
 
m
o
v
e
 
a

h
e
a
v
y
 
l
o
a
d
 
o
n
 
t
h
e
 
a
x
l
e
.

4
.

A
s
 
t
h
e
 
w
h
e
e
l
 
b
e
c
o
m
e
s
 
l
a
r
g
e
r
,
 
i
t
 
t
a
k
e
s

l
e
s
s
 
f
o
r
c
e
 
o
n
 
t
h
e
 
v
A
h
e
e
l
 
t
o
 
m
o
v
e
 
t
h
e
 
s
a
m
e

l
o
a
d
 
o
n
 
t
h
e
 
a
x
l
e
.

t
.

T
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
i
s
 
o
f
t
e
n
 
u
s
e
d
 
i
n
 
a
u
t
o
-

m
o
b
i
l
e
s
,
 
b
i
c
y
c
l
e
s
,
 
a
n
d
 
h
o
m
e
 
a
p
p
l
i
a
n
c
e
s
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
a
g
e
s
 
2
0
-
2
1
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d

N
 
W
o
r
d
s
:

w
h
e
e
l
 
a
n
d
 
a
x
l
e
,
 
r
i
m

M
a
t
e
r
i
a
l
s
:

2
 
r
o
d
s
,
 
t
w
i
n
e
,
 
w
r
e
n
c
h
e
s
,

b
i
c
y
c
l
e
,
 
n
u
t
s
 
a
n
d
 
b
o
l
t
s
,
 
s
c
r
e
w
d
r
i
v
e
r

D
a
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
e
r
e
 
d
o
 
w
e
 
u
s
e
 
t
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
?

2
.

H
o
w
 
i
s
 
a
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
l
i
k
e
 
a
 
l
e
v
e
r
?

3
.

O
n
 
p
.
 
2
0
,
 
w
h
i
c
h
 
w
h
e
e
l
 
n
e
e
d
s
 
t
h
e
 
l
e
a
s
t

e
f
f
o
r
t
?
 
I
n
 
w
h
i
c
h
 
d
o
e
s
 
t
h
e
 
f
o
r
c
e
 
t
r
a
v
e
l

f
a
r
t
h
e
s
t
?

4
.

O
n
 
p
.
 
2
1
,
 
w
h
a
t
 
i
s
 
g
a
i
n
e
d
 
w
h
e
n
 
t
h
e
 
f
o
r
c
e

i
s
 
a
p
p
l
i
e
d
 
t
o
 
t
h
e
 
s
m
a
l
l
 
w
h
e
e
l
?
 
W
h
e
r
e

w
o
u
l
d
 
y
o
u
 
u
s
e
 
t
h
i
s
?

c
o

D
i
s
c
'
%
s
s
i
o
n
:

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t
 
s
e
v
e
r
a
l
 
c
o
m
m
o
n
 
u
s
e
s
 
o
f
 
t
h
e

w
h
e
e
l
 
a
n
d
 
a
x
l
e
.

L
i
s
t
 
t
h
e
s
e
 
o
n
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
 
a
n
d
/
o
r
 
i
l
l
u
s
t
r
a
t
e

w
i
t
h
 
a
c
t
u
a
l
 
e
x
a
m
p
l
e
s
 
i
n
 
t
h
e
 
c
l
a
s
s
r
o
o
m
.

D
i
s
c
u
s
s
 
t
h
e
 
t
w
o
 
p
i
c
t
u
r
e
s

o
n
 
p
a
g
e
s
 
2
0
.
2
1
.

I
n
 
w
h
a
t
 
k
i
n
d
 
o
f
 
a
 
m
a
c
h
i
n
e
 
w
o
u
l
d
 
y
o
u
 
w
i
s
h
 
t
o

g
a
i
n
 
s
p
e
e
d
?

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
i
f
 
t
h
e
 
f
o
r
c
e
 
m
o
v
e
s

i
n
 
a
 
c
i
r
c
u
l
a
r
 
p
a
t
h
,
 
i
t
 
i
s
 
n
o
t
 
n
e
c
e
s
s
a
r
y
 
f
o
r
 
t
h
e
 
e
n
t
i
r
e
 
w
h
e
e
l

t
o
 
b
e
 
u
s
e
d
.

*
A
c
t
i
v
i
t
i
e
s
:

H
a
v
e
 
t
w
o
 
b
o
y
s
 
h
o
l
d
 
a
 
r
o
d
 
a
n
d
 
t
h
e
n
 
a
t
t
a
c
h
 
a
 
s
e
c
o
n
d

r
o
d
 
t
o
 
i
t
 
a
s
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e
 
1
.

A
s
k
 
a
 
g
i
r
l
 
t
o
 
c
o
m
e
 
t
o
 
t
h
e

f
r
o
n
t
 
e
n
d
 
t
u
r
n
 
t
h
e
 
s
e
c
o
n
d
 
r
o
d
.

T
h
e
 
b
o
y
s
 
w
i
l
l
 
n
o
t
 
b
e
 
s
t
r
o
n
g

e
n
o
u
g
h
 
t
o
 
p
r
e
v
e
n
t
 
t
h
e
 
p
o
l
e
 
f
r
o
m
 
t
u
r
n
i
n
g
 
i
n
 
t
h
e
i
r
 
h
a
n
d
s
.

S
u
g
g
e
s
t

t
o
 
p
u
p
i
l
s
 
t
h
a
t
 
t
h
i
s
 
i
s
 
a
n
o
t
h
e
r
 
e
x
a
m
p
l
e
 
o
f
 
v
e
r
y
 
p
o
w
e
r
f
u
l

s
i
m
p
l
e
 
m
a
c
h
i
n
e
.

A
f
t
e
r
 
t
h
e
 
p
u
p
i
l
s
 
h
a
v
e
 
r
e
a
d
 
t
h
e
 
t
e
x
t
 
a
n
d
 
c
a
n
 
i
d
e
n
t
i
f
y
 
t
h
e

b
a
s
i
c
 
p
a
r
t
s
 
o
f
 
t
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
,
 
h
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
a
t
t
e
m
p
t

t
o
 
o
p
e
n
 
t
h
e
 
c
l
a
s
s
r
o
o
m
 
d
o
o
r
 
w
i
t
h
o
u
t
 
t
h
e
 
d
o
o
r
k
n
o
b
.

H
a
v
e
 
a
n
o
t
h
e
r

c
h
i
l
d
 
a
t
t
e
m
p
t
 
t
o
 
s
h
a
r
p
e
n
 
a
 
p
e
n
c
i
l
 
b
y
 
t
u
r
n
i
n
g
 
o
n
l
y
 
t
h
e
 
r
o
d
 
o
n
 
t
h
e

p
e
n
c
i
l
 
s
h
a
r
p
e
n
e
r
.

H
a
v
e
 
t
w
o
 
o
r
 
m
o
r
e
 
c
h
i
l
d
r
e
n
 
a
t
t
e
m
p
t
 
t
o
 
l
o
o
s
e
n

n
u
t
s
 
o
n
 
b
o
l
t
s
 
w
i
t
h
 
t
h
e
i
r
 
f
i
n
g
e
r
s
 
a
n
d
 
t
h
e
n
 
w
i
t
h
 
a
 
w
r
e
n
c
h
.

I
n

F
i
g
.
 
1

R
o
d
s
 
U
s
e
d

a
s
 
W
h
e
e
l

a
n
d
 
A
x
l
e

F
i
g
.
 
2

B
i
c
y
c
l
e
 
U
s
e
s

M
a
n
y
 
W
h
e
e
l

a
n
d
 
A
x
l
e

C
o
m
b
i
n
a
t
i
o
n
s

e
a
c
h
 
i
n
s
t
a
n
c
e
 
e
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
i
d
e
n
t
i
f
y
 
t
h
e
 
p
a
t
h
 
o
f
 
t
h
e
 
w
h
e
e
l

a
n
d
 
a
x
l
e
.

H
a
v
e
 
a
 
p
u
p
i
l
 
b
r
i
n
g
 
i
n
t
o
 
c
l
a
s
s
 
h
i
s
 
b
i
c
y
c
l
e
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s

t
o
 
i
d
e
n
t
i
f
y
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
i
n
s
t
a
n
c
e
s
 
o
f
 
t
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

I
n
 
t
h
e
 
f
i
r
s
t
 
a
c
t
i
v
i
t
y
,
 
t
h
e
 
g
i
r
l
 
i
s
 
u
s
i
n
g
 
a
 
l
o
n
g

f
o
r
c
e
 
a
r
m
.

T
h
i
s
 
e
x
e
r
t
s
 
a
 
t
r
e
m
e
n
d
o
u
s
 
f
o
r
c
e
 
o
n
 
t
h
e
 
r
o
d
 
h
e
l
d
 
b
y

t
h
e
 
t
w
o
 
b
o
y
s
.

T
h
e
 
d
o
o
r
k
n
o
b
,
 
p
e
n
c
i
l
 
s
h
a
r
p
e
n
e
r
 
a
n
d
 
w
r
e
n
c
h
e
s
 
a
r
e
 
a
l
s
o

i
n
s
t
a
n
c
e
s
 
o
f
 
a
 
g
a
i
n
 
i
n
 
f
o
r
c
e
 
b
y
 
u
s
i
n
g
 
a
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
.

O
t
h
e
r

e
x
a
m
p
l
e
s
 
i
n
c
l
u
d
e
 
m
o
s
t
 
w
h
e
e
l
s
 
o
n
 
b
i
c
y
c
l
e
s
 
a
n
d
 
a
u
t
o
s
,
 
f
a
n
s
,

t
e
l
e
p
h
o
n
e
 
d
i
a
l
s
,
 
e
g
g
 
b
e
a
t
e
r
s
,
 
a
u
g
e
r
s
 
a
n
d
 
d
r
i
l
l
s
,
 
f
a
u
c
e
t
 
h
a
n
d
l
e
s
,

f
e
r
r
i
c
 
w
h
e
e
l
.

A
s
 
t
h
e
 
t
e
x
t
 
e
x
p
l
a
i
n
s
,
 
t
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
m
a
k
e
s
 
i
t

p
o
s
s
i
b
l
e
 
t
o
 
g
a
i
n
 
f
o
r
c
e
 
o
r
 
s
p
e
e
d
.

T
h
e
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
i
n
 
d
i
a
g
r
a
m
 
B

o
n
 
p
a
g
e
 
2
0
 
w
i
l
l
 
r
e
q
u
i
r
e
 
l
e
s
s
 
e
f
f
o
r
t
 
t
o
 
l
i
f
t
 
t
h
e
 
s
a
m
e
 
l
o
a
d
 
a
s

t
h
e
 
m
a
c
h
i
n
e
 
i
n
 
d
i
a
g
r
a
m
 
A
 
o
n
 
p
a
g
e
 
2
1
.

W
h
e
e
l
 
D
 
w
o
u
l
d
 
t
r
a
v
e
l

f
a
s
t
e
r
 
t
h
a
t
 
w
h
e
e
l
 
4
C
,
 
b
u
t
 
i
t
 
w
o
u
l
d
 
a
l
s
o
 
r
e
q
u
i
r
e
 
m
o
r
e
 
f
o
r
c
e
 
t
o
 
d
o

t
h
i
s
. T
h
e
 
b
i
c
y
c
l
e
 
p
e
d
a
l
 
e
x
e
r
t
s
 
a
 
s
m
a
l
l
 
f
o
r
c
e
 
o
n
 
a
 
l
a
r
g
e
 
f
o
r
c
e

a
r
m
.

T
h
i
s
 
i
s
 
t
r
a
n
s
f
e
r
r
e
d
 
b
y
 
t
h
e
 
c
h
a
i
n
 
t
o
 
a
 
s
m
a
l
l
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
w
h
i
c
h

i
n
c
r
e
a
s
e
s
 
t
h
e
 
s
p
e
e
d
 
o
f
 
t
h
e
 
v
e
r
y
 
l
a
r
g
e
 
r
e
a
r
 
w
h
e
e
l
.

W
h
e
n
 
t
h
e
 
h
a
n
d
l
e

b
a
r
s
 
a
r
e
 
t
u
r
n
e
d
,
 
t
h
i
s
 
i
s
 
a
l
s
o
 
a
 
w
h
e
e
l
 
a
n
d
 
a
x
l
e
 
m
a
c
h
i
n
e
.
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l.3 0

E
L

E
V

E
N

T
H

 A
N

IJ
 T

W
E

L
FT

H
 il

ea
 -

-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

A
n
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
i
s
 
a
n
o
t
h
e
r
 
k
i
n
d
 
o
f

s
i
m
p
l
e
 
m
a
c
h
i
n
e
.

2
.

A
n
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
r
a
i
s
e
s
 
E
 
h
e
a
v
y

l
o
a
d

a
 
s
h
o
r
t
 
d
i
s
t
a
n
c
e
 
b
y
m
o
v
i
n
g
 
a
 
s
m
a
l
l

f
o
r
c
e
 
t
h
r
o
u
g
h
 
a
 
l
o
n
g
 
d
i
s
t
a
n
c
e
.

3
.

W
e
d
g
e
s
 
a
n
d
 
s
c
r
e
w
s
 
a
r
e
 
s
p
e
c
i
a
l
 
f
o
r
m
s

o
f
 
t
h
e
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
.

4
.

M
a
n
y
 
m
a
c
h
i
n
e
s
 
a
r
e
 
m
a
d
e
 
b
y
u
s
i
n
g
 
t
w
o

o
r
 
m
o
r
e
 
s
i
m
p
l
e
 
m
a
c
h
i
n
e
s

t
o
g
e
t
h
e
r
.

1
-
1
2

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
8
-
9
,
 
2
2
-
2
5
,
 
2
6
-
2
8
,

U
s
e
 
F
i
l
m
s
t
r
i
p
 
o
n
 
I
n
c
l
i
n
e
d
 
P
l
a
n
e
.

N
e
w
 
W
o
r
d
s
:

i
i
m
i
r
l
i
n
P
d
 
p
l
a
n
e
,
 
s
c
r
e
w
.

t
h
r
e
a
d
,
 
w
e
d
g
e

M
a
t
e
r
i
a
l
s
:

b
o
a
r
d
,
 
s
k
a
t
e
s
,
 
r
o
p
e
,
 
h
a
n
d

b
a
l
a
n
c
e
,
 
p
a
p
e
r
 
t
r
i
a
n
g
l
e
s
,
 
s
c
r
e
w
s
.

P
u
p
i
l
 
q
u
e
s
t
i
o
n
s
:

1
.

H
o
w
 
d
o
e
s
 
a
n
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
m
a
k
e

w
o
r
k
 
e
a
s
i
e
r
?

2
.

W
h
e
r
e
 
i
s
 
t
h
e
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
o
n
 
a

s
c
r
e
w
 
o
r
 
w
e
d
g
e
?

3
.

H
o
w
 
d
o
e
s
 
a
 
s
c
r
e
w
 
g
a
i
n
 
f
o
r
c
e
?

4
.

H
o
w
 
d
o
e
s
 
a
 
w
e
d
g
e
 
g
a
i
n
 
f
o
r
c
e
?

5
.

W
h
e
r
e
 
a
r
e
 
s
c
r
e
w
s
 
a
n
d
 
w
e
d
g
e
s
 
u
s
e
d
?

D
i
s
c
u
s
s
i
o
n
:

P
u
p
i
l
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o
 
i
d
e
n
t
i
f
y
 
t
h
e
 
t
w
o

i
n
c
l
i
n
e
d
 
p
l
a
n
e
s

i
n
 
a
 
w
e
d
g
e
.

T
h
e
 
s
c
r
e
w
 
w
i
l
l
 
b
e
 
r
e
c
o
g
n
i
z
e
d
 
a
s
 
a
n

e
x
t
e
n
d
e
d
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
.

T
h
o
s
e
 
q
u
e
s
t
i
o
n
s
 
e
n
c
o
u
n
t
e
r
e
d
 
i
n

t
h
e
 
t
e
x
t
 
'
M
o
u
l
d
 
b
e
 
a
n
s
w
e
r
e
d
 
b
r
i
e
f
l
y
.

A
f
t
e
r
 
r
e
a
d
i
n
g
 
t
h
e
 
t
e
x
t
 
s
i
l
e
n
t
l
y
,
 
e
n
c
o
u
r
a
g
e
p
u
p
i
l
s
 
t
o
 
i
d
e
n
t
i
f
y
 
f
a
m
i
l
i
a
r

e
x
a
m
p
l
e
s
 
o
f
 
t
h
e
 
s
c
r
e
w
,
 
w
e
d
g
e
 
o
r
 
i
n
c
l
i
n
e
d

p
l
a
n
e
.

I
f
 
p
o
s
s
i
b
l
e
,
 
h
a
v
e

e
x
a
m
p
l
e
s
 
o
f
 
t
h
e
s
e
 
o
n
 
h
a
n
d
.

A
 
d
i
s
c
u
s
s
i
o
n
 
c
a
n
 
b
e
 
d
e
v
e
l
o
p
e
&
 
b
y
s
e
t
t
i
n
g
 
a
 
h
y
p
o
t
h
e
t
i
c
a
l
 
s
c
e
n
e

i
n
 
a
 
h
o
m
e
,
 
a
n
d
 
h
a
v
e
 
t
h
e
 
p
u
p
i
l
s

b
u
i
l
d

s
t
o
r
y
 
o
f
 
e
v
e
n
t
s
 
w
h
e
r
e
 
t
h
e
y

u
s
e
 
d
i
f
f
e
r
e
n
t

i
n
c
l
i
n
e
d
 
p
l
a
n
e
s
 
(
g
o
i
n
g
 
d
o
w
n
 
s
t
a
i
r
s
,
 
c
u
t

b
r
e
a
d
,
 
o
p
e
n

c
a
n
s
,
 
c
u
t
 
p
a
p
e
r
,
 
g
r
i
n
d
 
m
e
a
t
,
 
s
c
r
e
w

j
a
i
 
c
a
p
,
.
.
.
)
.

O
t
h
e
r
 
k
i
n
d
s
 
o
f

m
a
c
h
i
n
e
s
 
c
o
u
l
d
 
b
e
 
a
c
c
e
p
t
e
d
 
i
f
 
t
h
e
y
 
a
r
e

i
d
e
n
t
i
f
i
e
d
.

*
A
c
t
i
v
i
t
i
e
s
:

L
i
f
t
 
a
 
l
o
a
d
 
o
f
 
b
o
o
k
s
 
(
4
0
 
f
r
o
m

t
h
e
 
f
l
o
o
r
 
t
o
 
t
h
e
 
t
o
p
 
o
f

a
 
t
a
b
l
e
 
o
r
 
d
e
s
k
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
n
o
t
e
 
h
o
w
 
f
a
r
 
t
h
e
 
l
o
a
d
t
r
a
v
e
l
e
d
 
a
n
d

t
h
e
 
f
o
r
c
e
 
r
e
q
u
i
r
e
d
.

L
i
s
t
:
t
h
i
s
 
i
n
f
o
r
m
a
t
i
o
n
 
o
n
 
t
h
e

c
h
a
l
k
b
o
a
r
d
 
a
s
 
i
n

F
i
g
u
r
e
 
1
.

I
n
t
r
o
d
u
c
e
 
a
 
6
'
 
b
o
a
r
d
 
a
n
d
 
p
u
l
l
 
t
h
e
 
l
o
a
d

o
f
 
b
o
o
k
s
 
u
p
 
t
h
e

i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
t
o
 
t
h
e
 
t
o
p
 
o
f
 
t
h
e
 
d
e
s
k

(
p
l
a
c
e
 
b
o
o
k
s
 
o
n
 
r
o
l
l
e
r
 
s
k
a
t
e

t
o
-
.
r
e
d
u
c
e
 
f
r
i
c
t
i
o
n
)
.

D
i
r
e
c
t
 
p
u
p
i
l
s
 
t
o
 
r
e
a
d
i
n
g
 
(
p
.
8
-
9
)
 
i
n
 
t
e
x
t
 
t
o

a
n
s
w
e
r
 
q
u
e
s
t
i
o
n
 
1
 
a
b
o
v
e
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
n
o
t
e
 
t
h
a
t

(
l
o
a
d
 
x

l
o
a
d
 
d
i
s
t
a
n
c
e
 
m
 
f
o
r
c
e
 
x
 
f
o
r
c
e

d
i
s
t
a
n
c
e
)
.

A
F
i
g
.
 
2

8
S
c
r
e
w
 
T
h
r
e
a
d
s
 
F
o
r
m
 
I
n
c
l
i
n
e
d
 
P
l
a
n
e

F
i
g
.
 
3

R
o
a
d
 
U
p
 
M
o
u
n
t
a
i
n
 
i
s
 
I
n
c
l
i
n
e
d
 
P
l
a
n
e

A
f
t
e
r
 
p
u
p
i
l
s
 
h
a
v
e
 
r
e
a
d
 
p
a
g
e
s
 
2
2
-
2
8
,
 
i
l
l
u
s
t
r
a
t
e
 
t
h
e
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e

f
o
u
n
d
 
i
n
 
a
 
s
c
r
e
w
 
t
h
r
e
a
d
.

D
o
 
t
h
i
s
 
b
y
 
w
r
a
p
p
i
n
g
 
t
h
e
 
r
e
d
 
p
a
p
e
r
 
a
r
o
u
n
d

a
 
r
o
l
l
 
o
f
 
n
e
w
s
p
a
p
e
r
 
(
f
i
g
u
r
e
 
2
)
.

M
a
k
e
 
a
n
o
t
h
e
r
 
s
c
r
e
w
 
t
h
r
e
a
d
 
p
a
t
t
e
r
n

w
i
t
h
.
t
h
e
 
b
l
u
e
 
p
a
p
e
r
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
i
d
e
n
t
i
f
y
 
t
h
e
 
t
h
r
e
a
d
 
p
a
t
t
e
r
n

o
f
 
a
 
s
c
r
e
w
 
w
h
i
c
h
 
w
i
l
l
 
b
e
 
e
a
s
i
e
s
t
 
t
o
 
u
s
e
 
i
n
 
w
o
o
d
.

A
f
t
e
r
 
t
h
e
y
 
h
a
v
e

e
x
p
r
e
s
s
e
d
 
t
h
e
i
r
 
i
d
e
a
s
,
 
p
l
a
c
e
 
e
a
c
h
 
c
a
r
d
b
o
a
r
d
 
p
a
t
t
e
r
n
 
o
n

t
h
e
 
b
u
l
l
e
t
i
n
 
b
o
a
r
d

s
o
 
t
h
a
t
 
t
h
e
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
w
i
t
h
 
t
h
e
l
e
a
s
t
 
i
n
c
l
i
n
e
 
w
i
l
l
 
b
e
 
f
o
u
n
d
 
t
o
 
h
a
v
e

t
h
e
 
g
r
e
a
t
e
s
t
 
n
u
m
b
e
r
 
o
f
 
t
h
r
e
a
d
s
.

T
h
e
 
w
i
n
d
i
n
g
 
p
a
t
h
 
u
p
 
a
 
m
o
u
n
t
a
i
n
 
i
s

s
i
m
i
l
a
r
 
t
o
 
t
h
e
 
t
h
r
e
a
d
s
 
o
n
 
a
 
s
c
r
e
w
.

A
s
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e
3
 
,
 
t
h
e
 
w
i
n
d
i
n
g
 
p
a
t
h
 
u
p

t
h
e
 
m
o
u
n
t
a
i
n
 
w
i
l
l
 
b
e

l
o
n
g
e
r
,
 
b
u
t
 
e
a
s
i
e
r
 
f
o
r
 
t
h
e
 
a
u
t
o
m
o
b
i
l
e
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

I
f
 
t
h
e
 
4
C
 
l
o
a
d
 
i
s
 
l
i
f
t
e
d
 
3
'
,
 
t
h
e
n
 
t
h
e
 
6
'

i
n
c
l
i
n
e
d

p
l
a
n
e
 
w
i
l
l
 
r
e
q
u
i
r
e
 
o
n
l
y
 
3
/
6
 
a
s
 
m
u
c
h
 
f
o
r
c
e
 
t
o
 
l
i
f
t

t
h
e
 
s
a
m
e
 
l
o
a
d
.

I
f

t
h
e
 
4
g
 
l
o
a
d
 
i
s
 
l
i
f
t
e
d
 
1
'
,
 
t
h
e
n
 
t
h
e
 
6
'
 
i
n
c
l
i
n
e
d
p
l
a
n
e
 
w
i
l
l
 
r
e
q
u
i
r
e
 
o
n
l
y

1
/
6
 
a
s
 
m
u
c
h
 
f
o
r
c
e
 
t
o
 
l
i
f
t
 
t
h
e
 
s
a
m
e
 
4
#
 
l
o
a
d
.

F
i
g
.
 
1

T
a
b
l
e
 
o
f
 
L
o
a
d
-
F
o
r
c
e

R
e
l
a
t
i
o
n
s
h
i
p
s

L
O

A
D

&
is

-m
om

fo
R

e 
a

D
is

u 
A

z:

41
1?

31
?
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T
H
I
R
T
E
E
N
T
H
 
A
N
D
 
F
O
U
R
T
E
E
N
T
H
 
D
A
Y
S
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

I
-
1
3

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D

IL
L

U
ST

R
A

T
IO

N
S

1
.

F
r
i
c
t
i
o
n
 
i
s
 
a
 
f
o
r
c
e
 
r
e
s
i
s
t
i
n
g
 
m
o
t
i
o
n

b
e
t
w
e
e
n
 
t
w
o
 
s
u
r
f
a
c
e
s
 
i
n
 
c
o
n
t
a
c
t
.

2
.

F
r
i
c
t
i
o
n
 
p
r
o
d
u
c
e
s
 
h
e
a
t
.

3
.

T
h
e
r
e
 
i
s
 
s
o
m
e
 
f
r
i
c
t
i
o
n
 
i
n
 
e
v
e
r
y

m
a
c
h
i
n
e
 
w
h
e
n
 
i
t
 
i
s
 
b
e
i
n
g
 
u
s
e
d
.

4
.

F
r
i
c
t
i
o
n
 
m
a
y
 
b
e
 
c
l
a
s
s
i
f
i
e
d
 
a
s
:

a
)
 
s
l
i
d
i
n
g
 
f
r
i
c
t
i
o
n
,
 
b
)
 
f
l
u
i
d

f
r
i
c
t
i
o
n
 
o
r
 
c
)
 
r
o
l
l
i
n
g
 
f
r
i
c
t
i
o
n
.

5
.

S
l
i
d
i
n
g
 
f
r
i
c
t
i
o
n
 
i
s
 
i
m
p
o
r
t
a
n
t
 
i
n

w
r
i
t
i
n
g
,
 
w
a
l
k
i
n
g
,
 
r
u
n
n
i
n
g
.

6
.

F
l
u
i
d
 
f
r
i
c
t
i
o
n
 
i
s
 
i
m
p
o
r
t
a
n
t
 
t
o
 
o
b
j
e
c
t
s

t
r
a
v
e
l
i
n
g
 
t
h
r
o
u
g
h
 
a
i
r
,
 
w
a
t
e
r
,
 
o
r
 
o
t
h
e
r
 
f
l
u
i
d
s
.

7
.

R
o
l
l
i
n
g
 
f
r
i
c
t
i
o
n
 
i
s
 
i
m
p
o
r
t
a
n
t
 
t
o
 
t
h
e
 
u
s
e

o
f
 
a
u
t
o
m
o
b
i
l
e
s
,
 
r
o
l
l
e
r
 
s
k
a
t
e
s
,
 
b
i
c
y
c
l
e
s
.

R
e
a
d
i
n
g
:

R
e
a
d
 
s
i
l
e
n
t
l
y
 
a
n
d
 
a
l
o
u
d
 
p
p
.
 
3
2
-
3
4
.

B
.

C
)

N
e
w
 
W
o
r
d
s
:

f
r
i
c
t
i
o
n
,
 
s
l
i
d
i
n
g
 
f
r
i
c
t
i
o
n
,

1
0
W
-
E
-
-

A
.

S
l
i
d
i
n
g
 
F
r
i
c
t
i
o
n

F
i
g
.
 
1

r
o
l
l
i
n
g
 
f
r
i
c
t
i
o
n
,
 
f
l
u
i
d
 
f
r
i
c
t
i
o
n
.

M
a
t
e
r
i
a
l
s
:

i
n
c
l
i
n
e
d
 
p
l
a
n
e
,
 
w
e
i
g
h
t
s
,
 
r
o
l
l
e
r

P
o
l
l
i
n
g
 
F
r
i
c
t
i
o
n

s
k
a
t
e
,
 
h
a
n
d
 
s
c
a
l
e
,
 
2
 
s
h
e
e
t
s
 
p
a
p
e
r
,
 
p
e
n
c
i
l
,

c
h
a
l
k
,
 
t
i
n
k
e
r
 
t
o
y
 
b
o
a
t
,
 
p
a
n
,
 
w
a
t
e
r
.

P
v
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

a
l
l

/
0
4
1
1
1
7
7
7
7
7
(
.
.
.
.
;

4
P

F
i
g
.
 
2

T
i
n
k
e
r
-
T
o
y
 
S
a
i
l
b
o
a
t

A
i
l
l
t
i
k

*
a
t

F
i
g
.
 
3

A
i
r
p
l
a
n
e
 
G
l
i
d
e
r
 
a
n
d

B
a
l
l
 
o
f
 
P
a
p
e
r
.

1
.

W
h
a
t
 
i
s
 
f
r
i
c
t
i
o
n
?

2
.

W
h
a
t
'
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
s
l
i
d
i
n
g

f
r
i
c
t
i
o
n
 
a
n
d
 
f
l
u
i
d
 
f
r
i
c
t
i
o
n
?

3
.

M
u
s
t
 
2
 
o
b
j
e
c
t
s
 
t
o
u
c
h
 
i
n
 
o
r
d
e
r

t
o
 
h
a
v
e
 
f
r
i
c
t
i
o
n
?

4
.

I
n
 
F
i
g
u
r
e
 
1
,
 
w
h
i
c
h
 
1
0
#
 
w
i
l
l
 
b
e
 
e
a
s
i
e
s
t

t
o
 
m
o
v
e
?

S
.

W
h
e
n
 
d
o
 
w
e
 
n
e
e
d
 
f
r
i
c
t
i
o
n
?

6
.

W
h
e
n
 
d
o
 
w
e
 
w
i
s
h
 
t
o
 
r
e
d
u
c
e
 
f
r
i
c
t
i
o
n
?

D
i
s
.
u
s
s
l
o
n
:

D
i
s
c
u
s
s
 
p
u
p
i
l
s
'
 
i
d
e
a
s
 
o
f
 
t
h
e
 
m
e
a
n
i
n
g
 
o
f
 
"
f
r
i
c
t
i
o
n
"
.

E
m
p
h
a
s
i
z
e

t
h
a
t
 
t
h
e
 
o
b
j
e
c
t
s
 
m
u
s
t
 
b
e
 
i
n
 
c
o
n
t
a
c
t
 
i
n
 
o
r
d
e
r
 
f
o
r
 
f
r
i
c
t
i
o
n
 
t
o
 
o
c
c
u
r
.

I
d
e
n
t
i
f
y
 
t
h
e

f
r
i
c
t
i
o
n
 
b
e
t
w
e
e
n
 
t
w
o
 
r
u
b
b
i
n
g
 
s
u
r
f
a
c
e
s
 
a
s
 
"
s
l
i
d
i
n
g
"
 
f
r
i
c
t
i
o
n
.

T
h
e
 
f
r
i
c
t
i
o
n
 
b
e
t
w
e
e
n
 
a
 
r
o
l
l
i
n
g
 
w
h
e
e
l
 
a
n
d
 
s
o
m
e
 
s
u
r
f
a
c
e
 
i
s
 
c
a
l
l
e
d
 
"
r
o
l
l
i
n
g
"

f
r
i
c
t
i
o
n
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
b
o
a
t
 
a
n
d
 
w
a
t
e
r
 
f
r
i
c
t
i
o
n
 
a
s
 
a
n
 
e
x
a
m
p
l
e

o
f
 
"
f
l
u
i
d
"
 
f
r
i
c
t
i
o
n
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
i
d
e
n
c
i
f
y
 
t
h
e
 
c
l
a
s
s
 
o
f
 
f
r
i
c
t
i
o
n
 
w
h
i
c
h
 
o
c
c
u
r
r
e
d
 
w
h
e
n
 
t
h
e

a
i
r
p
l
a
n
e
 
g
l
i
d
e
r
 
f
e
l
l
 
t
o
 
t
h
e
 
g
r
o
u
n
d
 
(
f
l
u
i
d
 
f
r
i
c
t
i
o
n
)
.

D
i
s
c
u
s
s
 
t
h
e

i
m
p
o
r
t
a
n
c
e
 
o
f
 
h
a
v
i
n
g
 
f
r
i
c
t
i
o
n
 
a
n
d
 
s
o
m
e
 
o
f
 
t
h
e
 
p
r
o
b
l
e
m
s
 
p
e
o
p
l
e
 
w
o
u
l
d

e
n
c
o
u
n
t
e
r
 
i
f
 
f
r
i
c
t
i
o
n
 
d
i
s
a
p
p
e
a
r
e
d
.

H
a
v
e
 
p
u
p
i
l
s
 
s
u
g
g
e
s
t
 
s
i
t
u
a
t
i
o
n
s
 
i
n
 
w
h
i
c
h

f
r
i
c
t
i
o
n
 
s
h
o
u
l
d
 
b
e
 
r
e
d
u
c
e
d
.

&
A
c
t
i
v
i
t
i
e
s
:

U
s
e
 
a
n
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
 
t
o
 
l
i
f
t
 
a
 
l
o
a
d
 
p
f
 
b
o
o
k
s
.

A
f
t
e
r
 
w
r
i
t
i
n
g

l
o
a
d
 
a
n
d
 
l
i
f
t
i
n
g
 
f
o
r
c
e
 
o
n
 
c
h
a
l
k
b
o
a
r
d
,
 
r
e
p
e
a
t
 
d
e
m
o
n
s
t
r
a
t
i
o
n
 
u
s
i
n
g
 
r
o
l
l
e
r

s
k
a
t
e
s
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
i
t
 
w
a
s
 
e
a
s
i
e
r
 
t
o
 
l
i
f
t
 
t
h
e
 
l
o
a
d
 
w
i
t
h

t
h
e
 
r
o
l
l
e
r
 
s
k
a
t
e
s
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
a
m
o
u
n
t
 
o
f
 
s
u
r
f
a
c
e
 
c
o
n
t
a
c
t
 
i
n
 
e
a
c
h

s
i
t
u
a
t
i
o
n
.

H
a
v
e
 
o
n
c
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
t
r
y
 
t
o
 
w
r
i
t
e
 
t
h
e
i
r
 
n
a
m
e
 
o
n

g
l
a
s
s
 
o
r

w
i
n
d
o
w
 
w
i
t
h
 
c
h
a
l
k
 
o
r
 
p
e
n
c
i
l
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
t
h
i
s
 
c
a
n

u
o
t
 
b
e
 
d
o
n
e
.

P
l
a
c
e
 
t
i
n
k
e
r
 
t
o
y
 
b
o
a
t
 
i
n
 
c
e
n
t
e
r
 
o
f
 
p
a
n
 
a
s
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e
 
2
.

S
e
t

t
o
y
 
f
l
a
g
 
u
p
r
i
g
h
t
.

H
a
v
e
 
o
n
e
 
o
r
 
t
w
o
 
p
u
p
i
l
s
 
a
t
t
e
m
p
t
 
t
o
 
b
l
o
w
 
t
h
e
 
b
o
a
t
 
f
r
o
m

o
n
e
 
e
n
d
 
o
f
 
t
h
e
 
p
a
n
 
t
o
 
t
h
e
 
o
t
h
e
r
.

W
h
e
n
 
p
u
p
i
l
s
 
a
r
e
 
u
n
a
b
l
e
 
t
o
 
d
o
 
t
h
i
s
,

r
e
m
o
v
e
 
b
o
a
t
 
a
n
d
 
a
d
d
 
a
 
s
m
a
l
l
 
a
m
o
u
n
t
 
o
f
 
w
a
t
e
r
 
t
o
 
t
h
e
 
p
a
n
.

R
e
p
l
a
c
e
 
t
h
e

b
o
a
t
 
a
n
d
 
f
l
a
g
 
i
n
 
p
a
n
.

B
o
a
t
 
m
a
y
 
b
e
 
e
a
s
i
l
y
 
b
l
o
w
n
 
a
c
r
o
s
s
 
t
h
e
 
s
u
r
f
a
c
e
 
o
f
 
t
h
e

w
a
t
e
r
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
t
h
e
 
b
o
a
t
 
c
o
u
l
d
 
b
e
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c
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i
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p
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p
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r
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c
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p
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c
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c
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r
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=
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p
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b
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p
l
a
n
e
.

T
h
e
 
m
o
r
e
 
s
u
r
f
a
c
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c
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c
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b
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c
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c
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c
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c
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b
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p
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c
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c
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c
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c
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c
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p
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p
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p
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i
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n
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R
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F
R
I
A
I
S
 
I
N
C
L
U
D
T
.
;
-
.
 
I
N
 
E
I
T
 
F
O
R
 
M
A
C
H
I
N
E
S
 
U
N
I
T

2
 
w
o
o
d
e
n
 
r
o
d
s

1
0
'
 
r
o
p
e

2
 
s
e
c
t
i
o
n
s
 
5
1
 
r
o
p
e

1
0
1
 
l
e
v
e
r

2
 
l
e
v
e
r
s
 
f
o
r
 
p
u
p
i
l
s

8
 
w
a
s
h
e
r
s

h
a
n
d
 
s
p
r
i
n
g
 
b
a
l
a
n
c
e

2
 
s
i
n
g
l
e
 
p
u
l
l
e
y
s

1
 
d
o
u
b
l
e
 
p
u
l
l
e
y

t
w
i
n
e

b
o
x
 
o
f
 
b
o
l
t
s

w
r
e
n
c
h

h
 
s
c
r
e
w
d
r
i
v
e
r
s

2
 
p
a
p
e
r
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e
s

3
5
 
t
e
x
t
b
o
o
k
s
:
 
B
e
r
t
h
a
 
M
.
 
P
a
r
k
e
r
,
 
M
a
c
h
i
n
e
s
,

H
a
r
p
e
r
 
a
n
d
 
R
o
w
,
 
P
e
t
e
r
s
o
n
,
 
E
v
a
n
s
t
o
n
 
I
l
i
,

1
9
6
2
,
 
3
6
 
p
a
g
e
s
.

6
'
 
o
r
 
/
1
1
 
i
n
c
l
i
n
e
d
 
p
l
a
n
e

r
o
l
l
e
r
 
s
k
a
t
e

2
 
s
h
e
e
t
s
 
o
f
 
p
a
p
e
r

t
i
n
k
e
r
 
t
o
y
 
b
o
a
t

p
a
n

3
 
f
i
l
m
s
t
r
i
p
s

w
o
o
d
 
b
l
o
c
k
s
 
w
i
t
h
 
b
o
l
t

w
o
o
d
 
b
l
o
c
k
s
 
w
i
t
h
 
h
o
o
k
 
e
y
e



1
-
1
8

U
N
I
T
 
P
L
A
N
 
O
F
 
I
N
S
T
R
U
C
T
I
O
N
 
O
N
 
T
O
P
I
C
 
O
F
 
E
L
E
C
T
R
I
C
I
T
Y

B
Y
:

G
a
r
y
 
R
.
 
S
m
i
t
h

A
s
s
o
c
i
a
t
e
 
P
r
o
f
e
s
s
o
r

C
o
l
l
e
g
e
 
o
f
 
E
d
u
c
a
t
i
o
n

W
a
y
n
e
 
S
t
a
t
e
 
U
n
i
v
e
r
s
i
t
y

C
o
o
p
e
r
a
t
i
v
e
 
R
e
s
e
a
r
c
h
 
P
r
o
j
e
c
t
 
2
1
1
0
9

II
/6

5



1
-
1
9

S
U
G
G
E
S
T
I
O
N
S
 
F
O
R
 
T
E
A
C
H
I
N
G
 
(
M
I
T

1
.

B
e
g
i
n
 
e
a
c
h
 
d
a
y
 
w
i
t
h
 
a
 
q
u
e
s
t
i
o
n
,
 
i
l
l
u
s
t
r
a
t
i
o
n
,
 
o
r
 
a
c
t
i
v
i
t
y

w
h
i
c
h
 
w
i
l
l
 
c
a
p
t
u
r
e
 
t
h
e
 
i
n
t
e
r
e
s
t
s
 
o
f
 
t
h
e
 
p
u
p
i
l
s
.
 
W
h
e
n
e
v
e
r

p
o
s
s
i
b
l
e
 
u
t
i
l
i
s
e
 
q
u
e
s
t
i
o
n
s
 
o
r
 
o
b
j
e
c
t
s
 
b
r
o
u
g
h
t
 
t
o
 
c
l
a
s
s
 
b
y

y
o
u
r
 
p
u
p
i
l
s
.

6
.

2
.

E
l
i
c
i
t
 
p
o
s
s
i
b
l
e
 
e
x
p
l
a
n
a
t
i
o
n
s
 
o
r
 
a
n
s
w
e
r
s
 
f
r
o
m
 
s
e
v
e
r
a
l

p
u
p
i
l
s
.

D
o
n
'
t
 
t
e
l
l
 
a
n
s
w
e
r
s
 
i
m
m
e
d
i
a
t
e
l
y
.

A
s
k
 
a
 
c
h
i
l
d
 
t
o
 
e
x
p
l
a
i
n
,

i
l
l
u
s
t
r
a
t
e
 
o
r
 
g
i
v
e
 
r
e
a
s
o
n
s
 
f
o
r
 
a
c
c
e
p
t
i
n
g
 
a
 
p
a
r
t
i
c
u
l
a
r

a
n
s
w
e
r
.

7
.

3
.

G
u
i
d
e
d
 
b
y
 
y
o
u
r

j
u
d
i
m
m
o
m
a
n
d
 
t
h
e
 
t
e
a
c
h
i
n
g
 
c
i
r
c
u
m
s
t
a
n
c
e
s
,
 
g
i
v
e

a
s
 
m
a
n
y
 
p
u
p
i
l
s
 
a
s
 
p
o
s
s
i
b
l
e
 
a
n
 
o
p
p
o
r
t
u
n
i
t
y
 
t
o
 
d
o
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s
.

8
.

U
s
e
 
t
h
e
 
s
c
i
e
n
c
e
 
t
e
x
t
b
o
o
k
s
 
t
o
 
e
x
p
a
n
d
 
t
h
e
i
r
 
m
i
d
e
r
s
t
a
n
d
i
n
g
 
o
f
 
t
h
e

i
d
e
a
s
 
i
n
t
r
o
d
u
c
e
d
 
i
n
 
c
l
a
s
s
.

T
h
e
 
a
p
p
r
o
p
r
i
a
t
e
 
t
e
x
t
 
m
a
t
e
r
i
a
l
 
i
s

t
o
 
b
e
 
r
e
a
d
 
s
i
l
e
n
t
l
y
 
a
n
d
 
t
h
e
n
 
a
l
o
u
d
.

5
.

T
h
e
 
c
o
n
c
e
p
t
s
 
p
r
e
s
e
n
t
e
d
 
i
n
 
C
o
l
u
m
n
 
#
1
 
a
r
e
 
i
n
t
e
n
d
e
d
 
f
o
r
 
t
h
e

t
e
a
c
h
e
r
'
s
 
g
u
i
d
a
n
c
e
.

T
h
e
y
 
a
r
e
 
n
o
t
 
t
o
 
b
e
 
c
o
p
i
e
d
 
b
y
 
t
h
e
 
c
h
i
l
d
r
e
n

a
s
 
s
o
m
e
t
h
i
n
g
 
t
o
 
m
e
m
o
r
i
s
e
.

I
t
 
i
s
 
h
o
p
e
d
 
t
h
a
t
 
t
h
e
 
p
u
p
i
l
s
 
w
i
l
l

b
e
g
i
n
 
t
o
 
m
a
k
e
 
o
i
m
i
l
a
t
 
g
e
n
e
r
a
l
i
s
a
t
i
o
n
s
 
a
s
 
a
 
r
e
s
u
l
t
 
o
f
 
t
h
e

4
.

a
c
t
i
v
i
t
i
e
s
,
 
t
h
e
 
c
l
a
s
s
 
d
i
s
c
u
s
s
i
o
n
s
 
a
n
d
 
t
h
e
i
r

r
e
a
d
i
n
g
.

E
n
c
o
u
r
a
g
e

y
o
u
r
 
p
u
p
i
l
s
 
t
o
s:

al
ts

e;
b
u
t
 
a
l
s
o
 
u
r
g
e
 
t
h
e
m
 
t
o
 
u
s
e
 
t
h
e

v
o
c
a
b
u
l
a
r
y
 
a
n
d
 
e
x
p
r
e
s
s
i
o
n
s
 
w
h
i
c
h
 
a
r
e

m
e
a
n
i
n
g
f
u
l
 
t
o
 
t
h
e
m
.

I
f
 
c
i
r
c
u
m
s
t
a
n
c
e
s
 
p
e
r
m
i
t
,

p
l
a
c
e
 
a
p
p
a
r
a
t
u
s
 
i
n
 
a
 
s
c
i
e
n
c
e

c
o
r
n
e
r
 
w
h
e
r
e
 
c
h
i
l
d
r
e
n
 
m
a
y
 
r
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s
d
u
r
i
n
g
 
t
h
e
i
r

f
r
e
e
 
t
i
m
e
.

T
h
e
 
c
h
a
l
k
b
o
a
r
d
 
i
l
l
u
s
t
r
a
t
i
o
n
s

m
a
y
 
b
e
 
s
k
e
t
c
h
e
d
 
o
n
 
l
a
r
g
e

n
e
w
s
p
r
i
n
t
 
o
r
 
a
t
 
t
h
e
 
b
o
a
r
d
.

D
o
n
'
t
 
t
r
y
 
t
o
 
m
a
k
e
y
o
u
r
 
p
u
p
i
l
s
 
"
E
l
e
c
t
r
i
c
i
t
y
 
E
x
p
e
r
t
s
.
"

H
e
l
p

t
h
e
m
 
t
o
 
c
o
n
c
l
u
d
e
 
t
h
e
i
r
 
s
t
u
d
y
 
w
i
t
h

a
 
f
e
e
l
i
n
g
 
t
h
a
t
 
t
h
e
y
'
v
e

l
e
a
r
n
e
d
 
a
 
g
r
e
a
t
 
d
e
a
l
 
a
b
o
u
t
 
e
l
e
c
t
r
i
c
i
t
y
.

T
h
e
y
'
v
e
 
l
e
a
r
n
e
d
 
t
h
e

e
x
p
l
a
n
a
t
i
o
n
s
 
f
o
r
 
m
a
n
y
 
t
h
i
n
g
s
 
w
h
i
c
h
 
t
h
e
y
 
p
r
e
v
i
o
m
i
l
y
 
h
a
d
 
t
a
k
e
n

f
o
r
 
g
r
a
n
t
e
d
.

H
o
w
e
v
e
r
,
 
t
h
e
r
e
 
a
r
e
 
s
t
i
l
l
 
m
a
n
y
 
t
h
i
n
g
s
 
w
h
i
c
h

t
h
e
y
 
d
o
n
'
t
 
k
n
o
w
 
a
b
o
u
t
 
e
l
e
c
t
r
i
c
i
t
y
.

H
e
l
p
 
t
h
e
m
 
t
o
 
c
l
o
s
e

t
h
e
 
u
n
i
t
 
w
i
t
h
 
a
n
 
i
n
t
e
r
e
s
t
 
i
n

.
(
:
)
n
t
i
n
u
k
A
g
 
0
1
2
 
s
t
u
d
y
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
.
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T
R
S
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D
A
N
 
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

C
L
A
S
S
 
A
r
T
I
V
I
T
I
E
S

1
.

E
l
e
c
t
r
i
c
i
t
y
 
p
r
o
d
u
c
e
d
 
b
y
 
r
u
b
b
i
n
g
 
o
n
e

m
a
t
e
r
i
a
l
 
w
i
t
h
 
a
n
o
t
h
e
r
 
m
a
t
e
r
i
a
l
 
i
s

c
a
l
l
e
d
 
s
t
a
t
i
c
 
o
r
 
f
r
i
c
t
i
o
n
a
l
 
e
l
e
c
t
r
i
c
i
t
y
.

R
e
a
d
i
n
g
:

V
i
e
w
 
a
n
d
 
r
e
a
d
 
f
r
a
m
e
s
 
1
-
1
7

o
f
 
f
i
l
m
s
t
r
i
p

1
,
 
"
W
h
a
t
 
I
s
 
S
t
a
t
i
c

.

E
l
e
c
t
r
i
c
i
t
y
?
"

2
.

A
l
l
 
m
a
t
t
e
r
 
i
s
 
m
a
d
e
 
o
f
 
a
t
o
m
s
.

N
e
w
 
W
o
r
d
s
:

m
a
t
t
e
r
,
 
a
t
o
m
,
 
n
u
c
l
e
u
s
,
 
p
r
o
t
o
n
,

e
l
e
c
t
r
o
n
,
 
t
h
e
o
r
y

3
.

E
v
e
r
y
 
a
t
o
m
 
h
a
s
 
a
 
n
u
c
l
e
u
s
.

4
.

A
r
o
u
n
d
 
e
a
c
h
 
n
u
c
l
e
u
s
 
o
f
 
a
n
 
a
t
o
m

M
a
t
e
r
i
a
l
s
:

C
o
m
b
s
,
 
w
o
o
l
 
o
r
 
n
y
l
o
n
 
c
l
o
t
h
,

n
e
w
s
p
a
p
e
r
,
 
p
e
n
c
i
l
s
,
 
b
a
l
l
o
o
n
s
,
 
f
i
l
m
s
t
r
i
p

a
r
e
 
e
l
e
c
t
r
o
n
s
.

p
r
o
j
e
c
t
o
r
.

5
.

T
h
e
 
n
u
c
l
e
u
s
 
o
f
 
a
n
 
a
t
o
m
 
h
a
s
 
a
 
p
o
s
i
-
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

t
i
v
e
 
e
l
e
c
t
r
i
c
a
l
 
c
h
a
r
g
e
.

1
.

H
o
w
 
b
i
g
 
i
s
 
a
n
 
a
t
o
m
 
o
r
 
a
n
 
e
l
e
c
t
r
o
n
?

2
.

W
h
y
 
d
o
e
s
 
t
h
e
 
b
a
l
l
o
o
n
 
o
r
 
n
e
w
s
p
a
p
e
r

6
.

T
h
e
 
e
l
e
c
t
r
o
n
s
 
a
r
o
u
n
d
 
t
h
e
 
n
u
c
l
e
u
s

h
a
v
e
 
a
 
n
e
g
a
t
i
v
e
 
c
h
a
r
g
e
.

s
t
i
c
k
 
t
o
 
t
h
e
 
w
a
l
l
?

D
i
s
c
u
s
s
i
o
n
:

A
c
c
e
p
t
 
p
u
p
i
l
s
'
 
e
x
p
l
a
n
a
t
i
o
n
s
 
c
f
 
t
h
e
 
c
l
a
s
s
 
a
c
t
i
v
i
t
i
e
s
 
a
n
d
 
s
u
g
g
e
s
t

t
h
a
t
 
t
h
e
y
 
w
i
l
l
 
s
o
o
n
 
d
i
s
c
o
v
e
r
 
i
f
 
t
h
e
y
 
h
a
v
e
 
b
e
e
n
 
c
o
r
r
e
c
t
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o

t
t

o
f
f
e
r
 
m
a
n
y
 
o
f
 
t
h
e
 
k
e
y
 
w
o
r
d
s
 
(
s
t
a
t
i
c
,
 
a
t
t
r
a
c
t
,
 
a
t
o
m
,
 
e
l
e
c
t
r
i
c
i
t
y
)
.

W
h
e
n
 
t
h
e

a
°

f
i
l
m
s
t
r
i
p
 
i
s
 
s
h
o
w
n
,
 
h
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
(
g
o
o
d
 
r
e
a
d
e
r
s
)
 
r
e
a
d
 
t
h
e
 
c
a
p
t
i
o
n
s

a
l
o
u
d
.

I
f
 
t
i
m
e
 
p
e
r
m
i
t
s
,
 
a
s
k
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
t
o
 
p
o
i
n
t
 
t
o
 
o
b
j
e
c
t
s

i
n
 
t
h
e

f
i
l
m
s
t
r
i
p
 
w
i
t
h
 
a
 
p
o
i
n
t
e
r
.

T
h
i
s
 
h
e
l
p
s
 
s
o
m
e
 
s
t
u
d
e
n
t
s
 
t
o
 
r
e
l
a
t
e
 
a
 
l
a
b
e
l
 
t
o
 
a

v
i
s
u
a
l
 
o
b
j
e
c
t
.

A
f
t
e
r
 
t
h
e
 
f
i
l
m
s
t
r
i
p
,
 
a
d
d
 
t
o
 
t
h
e
 
l
i
s
t
 
o
f
 
w
o
r
d
s
 
o
n
 
t
h
e
 
c
h
a
l
k
-

b
o
a
r
d
 
a
n
y
 
n
e
w
 
w
o
r
d
s
 
e
n
c
o
u
n
t
e
r
e
d
 
i
n
 
t
h
e
 
f
i
l
m
s
t
r
i
p
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
f
a
c
t

t
h
a
t
 
a
 
"
t
h
e
o
r
y
"
 
i
s
 
a
n
 
e
x
p
l
a
n
a
t
i
o
n
 
o
f
 
w
h
y
 
t
h
i
n
g
s
 
h
a
p
p
e
n
 
a
s
 
t
h
e
y

d
o
.

H
o
w
e
v
e
r
,

e
m
p
h
a
s
i
z
e
 
t
h
e
 
t
e
n
t
a
t
i
v
e
 
n
a
t
u
r
e
 
o
f
 
t
h
e
o
r
y
.

T
h
e
 
e
l
e
c
t
r
o
n
 
t
h
e
o
r
y
 
h
a
s
 
b
e
e
n

v
e
r
y
 
u
s
e
f
u
l
 
i
n
 
e
x
p
l
a
i
n
i
n
g
 
n
a
t
u
r
e
,
 
b
u
t
 
i
t
 
m
a
y
b
e
 
c
h
a
n
g
e
d
.

S
t
u
d
e
n
t
s
 
s
h
o
u
l
d

b
e
 
a
w
a
r
e
 
o
f
 
t
h
i
s
 
t
e
n
t
a
t
i
v
e
 
q
u
a
l
i
t
y
 
o
f
 
t
h
e
o
r
i
e
s
.

I
d
e
n
t
i
f
y
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
p
a
r
t
s
 
o
f
 
t
h
e
 
a
t
o
m
 
(
n
u
c
l
e
u
s
,
 
e
l
e
c
t
r
o
n
,
 
p
r
o
t
o
n
)

s
h
o
w
n
 
i
n
 
f
i
l
m
s
t
r
i
p
.

H
e
l
p
 
p
u
p
i
l
s
 
r
e
a
l
i
z
e
 
t
h
a
t
 
t
h
e
 
r
i
n
g
s
 
a
r
o
u
n
d
 
t
h
e
 
n
u
c
l
e
u
s

s
i
m
p
l
y
 
s
h
o
w
 
t
h
e
 
p
a
t
h
 
o
f
 
t
h
e
 
e
l
e
c
t
r
o
n
s
.

*
A
c
t
i
v
i
t
i
e
s
:

B
l
o
w
 
u
p
 
a
 
b
a
l
l
o
o
n
 
i
n
 
c
l
a
s
s
.

R
u
b
 
i
t
 
o
n
 
y
o
u
r
 
c
l
o
t
h
e
s
 
a
n
d
 
p
l
a
c
e

i
t
 
a
g
a
i
n
s
t
 
t
h
e
 
w
a
l
l
.

A
f
t
e
r
 
d
i
s
c
u
s
s
i
n
g
 
t
h
i
s
,
 
h
a
v
e
 
o
n
e
 
o
r
 
t
w
o
 
o
t
h
e
r
 
p
u
p
i
l
s

r
e
p
e
a
t
 
t
h
i
s
 
f
e
a
t
.

A
s
k
 
f
o
r
 
e
x
p
l
a
n
a
t
i
o
n
s
 
f
o
r
 
t
h
i
s
 
a
c
t
i
v
i
t
y
.

H
a
v
e
 
a
 
g
i
r
l

w
i
t
h
 
l
o
n
g
 
h
a
i
r
 
p
a
s
s
 
a
 
c
o
m
b
 
t
h
r
o
u
g
h
 
h
e
r
 
h
a
i
r
 
a
n
d
 
n
o
t
e

t
h
e
 
c
r
a
c
k
l
i
n
g
 
o
r
 
h
a
i
r

s
t
a
n
d
i
n
g
 
o
n
 
e
n
d
.

P
l
a
c
e
 
a
 
s
h
e
e
t
 
o
f
 
n
e
w
s
p
a
p
e
r
 
o
n
 
t
h
e
 
w
a
l
l
 
a
n
d
 
r
u
b

i
t
 
w
i
t
h
 
t
h
e
 
s
i
d
e
 
o
f

a
 
p
e
n
c
i
l
.

W
h
e
n
 
t
h
e
 
p
a
p
e
r
 
a
d
h
e
r
e
s
t
o
 
t
h
e
 
w
a
l
l
,
 
e
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t

C
l
i
A
L
I
M
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

F
i
g
.
 
1
 
-
-
 
M
o
d
e
l
 
o
f
 
A
t
o
m

e
x
p
l
a
n
a
t
i
o
n
s
.

U
s
e
 
f
r
a
m
e
s
 
1
-
1
7
 
i
n
 
F
i
l
m
s
t
r
i
p
 
#
1
 
"
W
h
a
t
 
i
s
 
S
t
a
t
i
c

E
l
e
c
t
r
i
c
i
t
y
?
"
 
t
o
 
i
n
t
r
o
d
u
c
e
 
t
h
e
 
e
l
e
c
t
r
o
n
 
t
h
e
o
r
y
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
b
a
l
l
o
o
n
 
w
i
l
l
 
a
d
h
e
r
e
 
t
o
 
t
h
e
 
w
a
l
l
.

I
t
 
w
i
l
l
 
n
o
t
 
d
r
a
w
 
n
e
a
r
 
t
o
 
o
t
h
e
r
 
b
a
l
l
o
o
n
s
 
w
h
i
c
h
 
a
r
e
 
b
r
o
u
g
h
t

c
l
o
s
e
 
t
o
 
l
t
.

T
h
e
 
n
e
w
s
p
a
p
e
r
 
w
i
l
l
 
a
l
s
o
 
a
d
h
e
r
e
 
t
o
 
t
h
e
 
w
a
l
l

b
e
c
a
u
s
e
 
o
f
 
t
h
e
 
s
t
a
t
i
c
 
e
l
e
c
t
r
i
c
i
t
y
 
w
h
i
c
h
 
w
a
s
 
c
r
e
a
t
e
d
 
b
y

r
u
b
b
i
n
g
.

I
n
 
e
a
c
h
 
i
n
s
t
a
n
c
e
,
 
a
 
r
u
b
b
i
n
g
 
o
r
 
f
r
i
c
t
i
o
n
 
o
c
c
u
r
r
e
d

b
e
t
w
e
e
n
 
t
w
o
 
s
u
r
f
a
c
e
s
.

S
i
n
c
e
 
s
o
m
e
 
o
b
j
e
c
t
s
 
g
i
v
e
 
u
p
 
e
l
e
c
t
r
o
n
s

r
e
a
d
i
l
y
 
a
n
d
 
o
t
h
e
r
s
 
c
o
l
l
e
c
t
 
t
h
e
m
 
r
e
a
d
i
l
y
,
 
t
h
e
 
r
e
s
u
l
t
 
o
f

r
u
b
b
i
n
g
 
t
w
o
 
d
i
f
f
e
r
e
n
t
 
m
a
t
e
r
i
a
l
s
 
w
a
s
 
t
o
 
m
a
k
e
 
t
h
e
m
 
o
p
p
o
s
i
t
e
l
y

c
h
a
r
g
e
d
.



S
E
C
O
N
D
 
D
A
Y
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
2
1

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1
.

N
e
u
t
r
a
l
 
o
b
j
e
c
t
s
 
a
r
e
 
n
e
i
t
h
e
r
 
p
o
s
i
t
i
v
e
l
y

n
o
r
 
n
e
g
a
t
i
v
e
l
y
 
c
h
a
r
g
e
d
.

2
.

A
 
n
e
u
t
r
a
l
 
s
u
b
s
t
a
n
c
e
 
b
e
c
o
m
e
s
 
n
e
g
a
t
i
v
e
l
y

c
h
a
r
g
e
d
 
w
h
e
n
 
i
t
 
t
a
k
e
s
 
o
n
 
a
d
d
i
t
i
o
n
a
l

e
l
e
c
t
r
o
n
s
.

3
.

A
 
s
u
b
s
t
a
n
c
e
 
b
e
c
o
m
e
s
 
p
o
s
i
t
i
v
e
l
y

c
h
a
r
g
e
d
 
w
h
e
n
 
i
t
 
g
i
v
e
s
 
u
p
 
e
l
e
c
t
r
o
n
s
.

4
.

N
e
u
t
r
a
l
 
o
b
j
e
c
t
s
 
c
a
n
 
b
e
 
a
t
t
r
a
c
t
e
d
 
b
y

e
i
t
h
e
r
 
p
o
s
i
t
i
v
e
l
y
 
o
r
 
n
e
g
a
t
i
v
e
l
y

c
h
a
r
g
e
d
 
o
b
j
e
c
t
s
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
3
-
7
 
s
i
l
e
n
t
l
y
 
a
n
d

a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

n
e
u
t
r
a
l
,
 
p
o
s
i
t
i
v
e
,
 
n
e
g
a
t
i
v
e
,

e
l
e
c
t
r
i
c
a
l
 
c
h
a
r
g
e
,
 
r
e
p
e
l
,
 
a
t
t
r
a
c
t
.

M
a
t
e
r
i
a
l
s
:

c
o
m
b
s
,
 
w
o
o
l
 
o
r
 
n
y
l
o
n
 
c
l
o
t
h
,

b
a
l
l
o
o
n
s
,
 
t
h
r
e
a
d
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
i
c
h
 
b
a
l
l
o
o
n
 
(
A
,
B
,
C
)
 
i
s
 
n
e
u
t
r
a
l
 
i
n

F
i
g
.
 
1
?

2
.

W
h
y
 
d
o
 
t
h
e
 
b
a
l
l
o
o
n
s
 
r
e
p
e
l
 
o
n
e
 
a
n
o
t
h
e
r
?

D
i
s
c
u
s
s
i
o
n
:

R
e
v
i
e
w
 
b
r
i
e
f
l
y
 
t
h
e
 
k
e
y
 
t
e
r
m
s
 
w
h
i
c
h
 
h
a
d
 
b
e
e
n
 
e
n
c
o
u
n
t
e
r
e
d

o
n
 
t
h
e

p
r
e
v
i
o
u
s
 
d
a
y
.

U
s
e
 
r
i
t
e

t
o
 
b
u
i
l
d
 
m
e
a
n
i
n
g
s
 
o
f
 
t
h
e
 
n
e
w
 
w
o
r
d
s
.

'
4
)

I
l
l
u
s
t
r
a
t
e
 
t
h
e
 
m
e
a
n
i
n
g
 
o
f
 
"
a
t
t
r
a
c
t
"
 
b
y
 
n
o
t
i
n
g
 
t
h
e
 
b
a
l
l
o
o
n
 
m
o
v
e
 
t
o
w
a
r
d
 
t
h
e

w
a
l
l
 
o
r
 
t
o
w
a
r
d
 
t
h
e
 
p
e
r
s
o
n
 
h
o
l
d
i
n
g
 
i
t
.

I
l
l
u
s
t
r
a
t
e
 
"
r
e
p
e
l
"
 
b
y
 
n
o
t
i
n
g
 
t
h
e
 
t
w
o

b
a
l
l
o
o
n
s
 
p
u
s
h
i
n
g
 
a
w
a
y
 
f
r
o
m
 
o
n
e
 
a
n
o
t
h
e
r
.

A
r
b
i
t
r
a
r
i
l
y
 
e
s
t
a
b
l
i
s
h
 
t
h
e
 
a
g
r
e
e
m
e
n
t

t
h
a
t
 
r
u
b
b
i
n
g
 
t
h
e
 
b
a
l
l
o
o
n
 
w
i
t
h
 
t
h
e
 
c
l
o
t
h
 
m
a
k
e
s
 
i
t
 
"
n
e
g
a
t
i
v
e
.
"

T
h
e
n
,
 
a
n
y
t
h
i
n
g

w
h
i
c
h
 
r
e
p
e
l
s
 
t
h
e
 
n
e
g
a
t
i
v
e
 
b
a
l
l
o
o
n
 
i
s
 
a
l
s
o
 
n
e
g
a
t
i
v
e
.

*
A
c
t
i
v
i
t
i
e
s
:

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
r
e
p
e
a
t
 
t
h
e
 
t
a
s
k
 
o
f
 
a
t
t
a
c
h
i
n
g
 
a
 
b
a
l
l
o
o
n

t
o
 
t
h
e
 
w
a
l
l
.

E
m
p
h
a
s
i
z
e
 
t
h
e
 
i
m
p
o
r
t
a
n
c
e
 
o
=
 
r
e
p
e
a
t
i
n
g
 
e
x
p
e
r
i
m
e
n
t
s
 
t
o
 
b
e

c
o
n
v
i
n
c
e
d
 
t
h
a
t
 
s
o
m
e
 
e
v
e
n
t
 
o
c
c
u
r
s
 
c
o
n
s
i
s
t
e
n
t
l
y
.

T
i
e
 
a
 
s
t
r
i
n
g
 
a
r
o
u
n
d
 
a
n

i
m
f
l
a
t
e
d
 
b
a
l
l
o
o
n
 
a
n
d
 
r
u
b
 
i
t
 
w
i
t
h
 
a
 
n
y
l
o
n
 
c
l
o
t
h
.

T
i
e
 
t
h
e
 
s
t
r
i
n
g
 
s
o
 
t
h
a
t
 
t
h
e

b
a
l
l
o
o
n
 
f
l
o
a
t
s
 
f
r
e
e
l
y
 
i
n
 
t
h
e
 
a
i
r
.

T
h
e
n
 
b
r
i
n
g
 
s
e
v
e
r
a
l
 
o
b
j
e
c
t
s
 
c
l
o
s
e
 
t
o
 
t
h
e

b
a
l
l
o
o
n
 
a
n
d
 
n
o
t
e
 
i
t
s
 
a
t
t
r
a
c
t
i
o
n
 
t
o
 
t
h
e
 
o
b
j
e
c
t
s
.

I
n
f
l
a
t
e
 
a
n
o
t
h
e
r
 
b
a
l
l
o
o
n
 
a
n
d

r
u
b
 
i
t
 
w
i
t
h
 
t
h
e
 
s
a
m
e
 
c
l
o
t
h
.

N
o
t
e
 
t
h
a
t
 
t
h
e
 
t
w
o
 
b
a
l
l
o
o
n
s
 
r
e
p
e
l
.

R
e
a
d
 
t
h
e
 
t
e
x
t
b
o
o
k
 
a
n
d
 
h
e
l
p
 
p
u
p
i
l
s
 
t
o
 
a
n
s
w
e
r
 
q
u
e
s
t
i
o
n
s
 
b
r
i
e
f
l
y
 
a
s
 
t
h
e
y

a
r
e
 
p
o
s
e
d
 
i
n
 
t
h
e
 
t
e
x
t
,
 
b
y
 
o
t
h
e
r
 
p
u
p
i
l
s
,
 
o
r
 
b
y
 
y
o
u
.

U
s
e
 
t
h
e
 
d
r
a
w
i
n
g
s
 
t
o

i
l
l
u
s
t
r
a
t
e
 
t
h
e
 
e
x
c
e
s
s
 
(
-
)
 
c
h
a
r
g
e
s
 
o
n
 
n
e
g
a
t
i
v
e
 
o
b
j
e
c
t
.

H
e
l
p
 
p
u
p
i
l
s
 
t
o

r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
a
 
c
h
a
r
g
e
 
i
s
 
a
 
f
o
r
c
e
 
w
h
i
c
h
 
"
p
u
s
h
e
s
"
 
o
r
 
"
p
u
l
l
s
"
 
s
o
m
e
 
o
b
j
e
c
t
.

H
o
l
d
 
t
w
o
 
u
n
i
n
f
l
a
t
e
d
 
b
a
l
l
o
o
n
s
 
s
i
d
e
 
b
y
 
s
i
d
e
.

N
o
t
e
 
t
h
a
t
 
t
h
e
y
 
d
o
 
n
o
t

a
t
t
r
a
c
t
 
o
n
e
 
a
n
o
t
h
e
r
.

E
s
t
a
b
l
i
s
h
 
t
h
i
s
 
a
s
 
t
h
e
 
m
e
a
n
i
n
g
 
o
f

"
n
e
u
t
r
a
l
.
"

I
n
f
l
a
t
e
 
o
n
e
 
o
f
 
t
h
e
 
b
a
l
l
o
o
n
s
 
a
n
d
 
t
i
e
 
a
 
s
t
r
i
n
g
 
t
o
 
i
t
 
s
o
 
t
h
a
t
 
t
h
e
 
i
n
f
l
a
t
e
d

n
e
u
t
r
a
l

n
e
g
a
t
i
v
e

p
o
t

i
v
e

F
i
g
.
 
1
 
-
-
 
B
a
l
l
o
o
n
s
 
h
a
v
e
 
d
i
f
f
e
r
e
n
t
 
c
h
a
r
g
e
s

F
i
g
.
 
2
 
-
-
 
O
p
p
o
s
i
t
e
 
C
h
a
r
g
e
s

H
o
l
d
 
B
a
l
l
o
o
n
 
t
o
 
t
h
e
 
W
a
l
l

b
a
l
l
o
o
n
 
m
a
y
 
b
e
 
s
u
s
p
e
n
d
e
d
 
i
n
 
m
i
d
a
i
r
.

R
u
b
 
b
a
l
l
o
o
n
 
w
i
t
h
 
c
l
o
t
h
.

N
o
t
e
 
t
h
a
t
 
i
n
f
l
a
t
e
d
 
b
a
l
l
o
o
n
 
n
o
w
 
a
t
t
r
a
c
t
s
 
u
n
i
n
f
l
a
t
e
d

b
a
l
l
o
o
n
.

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
 
c
h
a
r
g
e
d
 
o
b
j
e
c
t
s

a
t
t
r
a
c
t

"
n
e
u
t
r
a
l
"
 
o
b
j
e
c
t
s
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
i
n
f
l
a
t
e
d
 
r
u
b
b
e
r
 
b
a
l
l
o
o
n
s
 
r
e
a
d
i
l
y

a
c
q
u
i
r
e
 
e
l
e
c
t
r
o
n
s
 
f
r
o
m
 
t
h
e
 
c
l
o
t
h
 
t
o
 
b
u
i
l
d
a
 
n
e
g
a
t
i
v
e
 
c
h
a
r
g
e

o
n
 
t
h
e
b
a
n
o
o
n
S
i
n
c
e
 
a
 
c
h
a
r
g
e
d
 
o
b
j
e
c
t
 
a
t
t
r
a
c
t
s
 
n
e
u
t
r
a
l

o
r

o
p
p
o
s
i
t
e
 
c
h
a
r
g
e
d
 
o
b
j
e
c
t
s
,
 
t
h
e
 
b
a
l
l
o
o
n
s
 
w
i
l
l
 
d
r
a
w
 
t
o
w
a
r
d

a
l
m
o
s
t
 
a
l
l
 
o
b
j
e
c
t
s
 
o
f
f
e
r
e
d
 
b
y
 
t
h
e
 
c
h
i
l
d
r
e
n
.

M
M

.

af
t

M
O

S

F
i
g
.
 
3

L
i
k
e
 
C
h
a
r
g
e
d
 
B
a
l
l
o
o
n
s
 
r
e
p
e
l



T
H
I
R
D
 
D
A
Y
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
2
2

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1.
S
o
m
e
 
m
a
t
e
r
i
a
l
s
 
r
e
a
d
i
l
y
 
g
i
v
e
 
u
p

e
l
e
c
t
r
o
n
s
,
 
w
h
i
l
e
 
o
t
h
e
r
 
m
a
t
e
r
i
a
l
s

r
e
a
d
i
l
y
 
c
a
p
t
u
r
e
 
e
l
e
c
t
r
o
n
s
.

2
.

E
l
e
c
t
r
i
c
a
l
 
c
h
a
r
g
e
s
 
c
o
l
l
e
c
t
 
o
n

t
h
e
 
s
u
r
f
a
c
e
 
o
f
 
a
 
m
a
t
e
r
i
a
l
.

3
.

L
i
k
e
 
e
l
e
c
t
r
i
c
a
l
 
c
h
a
r
g
e
s
 
r
e
p
e
l

e
a
c
h
 
o
t
h
e
r
,
 
b
u
t
 
u
n
l
i
k
e
 
e
l
e
c
t
r
i
c
a
l

c
h
a
r
g
e
s
 
a
t
t
r
a
c
t
.

R
e
a
d
i
n
g
:

C
o
m
p
l
e
t
e
 
r
e
a
d
i
n
g
 
o
f
 
p
a
g
e
s
 
3
-
7
.

M
a
t
e
r
i
a
l
s
:

T
i
n
k
e
r
 
t
o
y
s
,
 
b
a
l
l
o
o
n
s
,

t
h
r
e
a
d
,
 
c
l
o
t
h
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

D
o
 
a
t
o
m
s
 
r
e
a
l
l
y
 
l
o
o
k
 
l
i
k
e
 
t
h
e

T
i
n
k
e
r
 
T
o
y
 
m
o
d
e
l
s
?

2
.

I
n
 
F
i
g
.
 
1
,
 
w
h
a
t
 
i
s
 
t
h
e
 
c
h
a
r
g
e
 
o
n

b
a
l
l
o
o
n
s
 
A
,
B
,
C
,
D
?

3
.

W
h
i
c
h
 
b
a
l
l
o
o
n
s
 
w
i
l
l
 
a
t
t
r
a
c
t
 
o
n
e

a
n
o
t
h
e
r
?

D
i
s
c
u
s
s
i
o
n
:

R
e
v
i
e
w
 
b
r
i
e
f
l
y
 
t
h
e
 
s
t
r
u
c
t
u
r
e
 
o
f
 
t
h
e
 
a
t
o
m
s
.

R
e
-
e
m
p
h
a
s
i
z
e
 
t
h
e

i
d
e
s
 
t
h
a
t
 
t
h
i
s
 
i
s
 
a
l
s
o
 
a
 
t
h
e
o
r
y
.

U
t
i
l
i
z
e
 
t
h
e
 
t
i
n
k
e
r
 
t
o
y
s
 
t
o
 
b
u
i
l
d
 
m
o
d
e
l
s

o
f
 
d
i
f
f
e
r
e
n
t
 
a
t
o
m
s
 
f
o
r
 
m
a
t
e
r
i
a
l
s

w
h
i
c
h
 
a
r
e
 
r
e
a
d
i
l
y
 
k
n
o
w
n
 
t
o
 
t
h
e
 
p
u
p
i
l
s

(
h
y
d
r
o
g
e
n
 
l
e
,
 
h
e
l
i
u
m
 
2
e
,
 
c
a
r
b
o
n
 
6
e
,
 
o
x
y
g
e
n

8
e
,
 
a
l
u
m
i
n
u
m
 
1
3
e
)
.

O
t
h
e
r

e
l
e
m
e
n
t
s
 
h
a
v
e
 
m
a
n
y
 
m
o
r
e
 
e
l
e
c
t
r
o
n
s

(
c
o
p
p
e
r
 
2
9
e
,
 
s
i
l
v
e
r
 
4
7
e
,
 
g
o
l
d
 
7
9
e
,

n
o
b
e
l
i
u
m
 
1
0
2
e
)
.

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
 
t
h
e
n
u
m
b
e
r
 
o
f
 
e
l
e
m
e
n
t
s

a
n
d
 
t
h
e
i
r
 
s
t
r
u
c
t
u
r
e
s
 
d
e
t
e
r
m
i
n
e
 
l
a
r
g
e
l
y
w
h
a
t
 
a
n
 
e
l
e
m
e
n
t
 
i
s
 
o
r
 
c
a
n
 
d
o
.

H
U
T
 
t
h
e
m
 
t
o
 
u
n
d
e
r
s
t
a
n
d
 
t
h
a
t
 
t
h
i
s
 
s
t
r
u
c
t
u
r
e

d
e
t
e
r
m
i
n
e
s
 
w
h
e
t
h
e
r
 
o
r
 
n
o
t
 
s
o
m
e

m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
r
e
a
d
i
l
y
 
g
i
v
e
 
u
p
 
e
l
e
c
t
r
o
n
s

a
n
d
 
o
t
h
e
r
 
m
a
t
e
r
i
a
l
s
 
t
r
y
 
t
o

c
a
p
t
u
r
e
 
e
l
e
c
t
r
o
n
s
.

*
A
c
t
i
v
i
t
i
e
s

U
s
e
 
t
i
n
k
e
r
 
t
o
y
s
 
t
o
 
m
a
k
e
 
m
o
d
e
l
s

o
f
 
t
h
e
 
a
t
o
m
s
 
f
o
r
 
d
i
f
f
e
r
e
n
t

e
l
e
m
e
n
t
s
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
h
a
v
e
 
m
e
a
n
i
n
g
f
u
l
 
a
s
s
o
c
i
a
t
i
o
n
s
w
i
t
h
 
m
o
s
t
 
o
f
 
t
h
e
s
e

e
l
e
m
e
n
t
s
,
 
i
.
e
.
 
h
e
l
i
u
m
 
u
s
e
d
 
i
n
 
b
a
l
l
o
o
n
s
,

d
i
a
m
o
n
d
s
 
a
n
d
 
c
o
a
l
 
a
r
e
 
c
a
r
b
o
n
,
 
o
x
y
g
e
n

w
e
 
b
r
e
a
t
h
,
 
a
l
u
m
i
n
u
m

f
o
i
l
.

S
t
a
r
t
 
w
i
t
h
 
s
i
m
p
l
e
 
h
y
d
r
o
g
e
n
 
a
c
i
d
 
u
s
e

t
h
e
 
l
a
r
g
e

r
o
u
n
d
 
p
a
r
t
 
f
o
r
 
n
u
c
l
e
u
s
.

R
o
d
s
 
o
f
 
v
a
r
y
i
n
g
 
l
e
n
g
t
h
s
 
c
a
n
 
b
e
 
u
s
e
d
 
t
o

i
l
l
u
s
t
r
a
t
e

d
i
s
t
a
n
c
e
 
o
f
 
e
l
e
c
t
r
o
n
s
 
f
r
o
m
 
n
u
c
l
e
u
s
.

T
e
a
c
h
e
r
 
m
a
y
 
u
s
e
 
F
i
g
.
 
2
 
a
s
 
g
u
i
d
e
 
t
o

m
a
k
i
n
g
 
m
o
d
e
l
s
 
o
f
 
e
l
e
m
e
n
t
s
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
i
n
k
e
r
 
t
o
y
s
 
p
r
o
v
i
d
e
 
c
i
u
d
e
 
m
o
d
e
l
s

o
f
 
a
t
o
m
i
c
 
s
t
r
u
c
t
u
r
e
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
f
a
c
t
 
t
h
a
t

t
h
e
 
n
u
c
l
e
u
s
 
h
a
s
 
m
a
n
y
 
p
a
r
t
s
 
c
o
n
t
a
i
n
e
d

w
i
t
h
i
n
 
i
t
,
 
b
u
t
 
f
o
r
 
t
h
e
 
p
r
e
s
e
n
t

w
e
'
r
e
 
n
o
t
 
e
x
a
m
i
n
i
n
g
 
t
h
o
s
e
 
c
l
o
s
e
l
y
.

T
h
i
s

i
n
v
e
s
t
i
g
a
t
i
o
n
 
w
i
l
l
 
b
e
 
u
n
d
e
r
t
a
k
e
n
 
i
n

l
a
t
e
r
 
s
t
u
d
i
e
s
.

A
.

B
.

F
i
g
.
 
1
 
-
-
 
B
a
l
l
o
o
n
s
 
h
a
v
e

P
o
r
i
t
i
v
e
 
a
n
d
 
N
e
g
a
t
i
v
e

C
h
a
.
g
e
s

C
.

D
.

F
i
g
.
 
2
 
-
-
 
N
u
m
b
e
r
 
o
f
 
E
l
e
c
t
r
o
n
s
 
i
n
 
D
i
f
f
e
r
e
n
t
 
E
l
e
m
e
n
t
s

E
l
e
m
e
n
t

E
l
e
c
t
r
o
n
s

C
o
m
m
o
n
 
U
s
e

h
y
d
r
o
g
e
n

1
M
a
i
n
 
p
a
r
t
 
o
f
 
w
a
t
e
r
,

a
t
m
o
s
p
h
e
r
e

h
e
l
i
u
m

2
F
i
l
l
 
w
e
a
t
h
e
r
 
b
a
l
l
o
o
n
s

c
a
r
b
o
n

6
F
o
u
n
d
 
i
n
 
a
l
l
 
l
i
v
i
n
g

c
r
e
a
t
u
r
e
s
 
a
n
d
 
a
s
 
c
o
a
l

o
r
 
d
i
a
m
o
n
d
s
.

o
x
y
g
e
n

8
F
o
u
n
d
 
i
n
 
a
t
m
o
s
p
h
e
r
e
,

w
a
t
e
r

a
l
u
m
i
n
u
m

1
3

w
r
a
p
p
i
n
g
 
f
o
i
l
,
 
b
u
i
l
d
i
n
g
 
I

m
a
t
e
r
i
a
l

1



1
-
2
3

F
O
U
R
T
H
 
D
A
Y
 
-
 
S
H
O
W
F
1
L
B
T
R
I
P
 
#
1

"
W
H
A
T
 
I
S
 
S
T
A
T
I
C
 
E
L
E
C
T
R
I
C
I
T
Y
?
"
 
(
J
A
M
H
A
N
D
Y
,
 
D
E
T
R
O
I
T
u
l
j
a
W
 
-
 
H
A
V
E
 
C
A
P
T
I
O
N
S
 
R
E
A
D
 
A
L
O
U
D
 
I
N
 
C
L
A
S
S

T
H
I
S
 
P
A
G
E
 
I
N
C
L
U
D
E
D
 
T
H
E
 
E
X
A
C
T
 
T
E
X
T
 
U
S
E
D
 
I
N

T
C
A
P
T
I
O
N
S
 
O
F
 
T
H
E
 
F
I
L
M
S
T
R
I
P
.
 
U
S
I
N
G
 
T
H
I
S

T
E
X
T
,
 
T
H
E
 
T
E
A
C
H
E
R
 
C
O
U
L
D
 
P
R
E
V
I
E
W
 
M
A
I
N
 
I
D
E
A
S

T
O
 
E
M
P
H
A
S
I
Z
E
 
I
N
 
T
H
E
 
F
I
L
Y
S
T
R
I
P
.

T
H
E
 
T
E
X
T

I
S
 
N
O
T
 
I
N
C
L
U
D
E
D
 
H
E
R
E
 
I
N
 
O
R
D
E
R
 
T
O
 
A
V
O
I
D
 
I
N
-

F
R
I
N
G
E
M
E
N
T
 
O
F
 
J
A
M
 
H
A
N
D
Y
 
C
O
P
Y
R
I
G
H
T
.



1
-
2
4

F
"
.
.
1
2
1
-
1
 
D
A
Y
 
-
-
G
E
V
E
R
A
L
I
Z
A
T
I
O
N
S

C
L
A
S
S
 
A
C
T
I
V
T
T
T
L
I

1
.

E
n
e
r
g
y
 
i
s
 
t
h
e
 
c
a
p
a
c
i
t
y
 
t
o
 
d
o
 
w
o
r
k
.

N
e
w
 
W
o
r
d
s
:

c
o
n
d
u
c
t
o
r
,
 
e
l
e
c
t
r
i
c

c
u
r
r
e
n
t
,
 
g
l
o
w
 
l
a
m
p

2
.

E
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
i
s
 
p
r
o
d
u
c
e
d
 
b
y

a
 
f
l
o
w
 
o
f
 
c
h
a
r
g
e
d
 
b
o
d
i
e
s
.

M
a
t
e
r
i
a
l
s
:

b
a
l
l
o
c
n
s
,
 
g
l
o
w
 
l
a
m
p
s

3
.

E
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
m
a
y
 
c
h
a
n
g
e
 
t
o

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

l
i
g
h
t
 
e
n
e
r
g
y
.

1
.

W
h
y
 
d
o
e
s
 
t
h
e
 
l
a
m
p
 
g
l
o
w
?

2
.

W
h
y
 
d
o
e
s
n
'
t
 
t
h
e
 
l
a
m
p
 
s
t
a
y
 
l
i
g
h
t
e
d
?

4
.

W
h
e
n
 
e
l
e
c
t
r
o
n
s
 
m
o
v
e
 
a
l
o
n
g
 
a
 
c
o
n
d
u
c
t
o
r
,

a
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
i
s
p
r
o
d
u
c
e
d
.

D
i
s
c
u
s
s
i
o
n
:

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
e
 
s
e
q
u
e
n
c
e
o
f
 
e
v
e
n
t
s
 
w
h
i
c
h
 
p
r
e
c
e
d
e
d

t
h
e
 
l
i
g
h
t
i
n
g
 
o
f
 
t
h
e
 
g
l
o
w
 
l
a
m
p
.

T
h
a
t
 
i
s
,
 
a
n
 
e
x
c
e
s
s
 
o
f
 
e
l
e
c
t
r
o
n
s
 
i
s
 
p
l
a
c
e
d

o
n
 
t
h
e
 
c
h
a
r
g
e
d

b
a
l
l
o
o
n
.

T
h
e
 
n
e
g
a
t
i
v
e
 
b
a
l
l
o
o
n
 
i
s
 
a
t
t
r
a
c
t
e
d
 
t
o
 
t
h
e

n
e
u
t
r
a
l
 
w
a
l
l
.

W
h
e
n
 
t
h
e
 
g
l
o
w
 
l
a
m
p
 
i
s
 
b
r
o
u
g
h
t
 
n
e
a
r

t
h
e
 
b
a
l
l
o
o
n
,
 
m
a
n
y
 
o
f
 
t
h
e
 
e
l
e
c
t
r
o
n
s
 
m
a
y

e
s
c
a
p
e
 
o
n
t
o
 
t
h
e
 
w
i
r
e
 
o
f

t
h
e
 
l
a
m
p
.

A
s
 
t
h
e
y
 
p
a
s
s
 
t
h
r
o
u
g
h
 
t
h
e
 
l
a
m
p
,
 
t
h
e
y

f
o
r
m
 
a
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
w
h
i
c
h

l
i
g
h
t
s
 
t
h
e
 
l
a
m
p
s
 
b
r
i
e
f
l
y
,

E
s
t
a
b
l
i
s
h
 
t
h
e

f
a
c
t
 
t
h
a
t
 
w
o
r
k
 
h
a
s
 
b
e
e
n
 
d
o
n
e

(
l
i
g
h
t
i
n
g
 
t
h
e
 
l
a
m
p
 
b
r
i
e
f
l
y
)
,
 
a
n
d
 
t
h
e
 
f
l
o
w

o
f
 
e
l
e
c
t
r
o
n
s
 
i
s
 
k
n
o
w
n
 
a
s
 
a
n

e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
.

*
A
c
t
i
v
i
t
i
e
s
:

P
l
a
c
e
 
a
 
c
h
a
r
g
e
 
o
n
 
o
n
e
 
o
f
 
t
h
e
 
i
n
f
l
a
t
e
d

b
a
l
l
o
o
n
s
 
a
n
d
 
a
t
t
a
c
h
 
i
t

t
o
 
t
h
e
 
w
a
l
l
.

D
a
r
k
e
n
 
t
h
e
 
r
o
o
m
.

H
o
l
d
 
t
h
e
 
g
l
o
w
 
l
a
m
p
 
b
y
 
t
h
e
 
e
n
d
 
o
f
 
o
n
e
w
i
r
e

a
n
d
 
m
o
v
e
 
t
h
e
 
o
t
h
e
r
 
w
i
r
e
 
u
p
 
a
n
d
 
d
o
w
n

t
h
e
 
s
i
d
e
 
o
f
 
t
h
e
 
b
a
l
l
o
o
n
.

A
f
t
e
r
 
p
u
p
i
l
s

h
a
v
e
 
s
a
t
i
s
f
a
c
t
o
r
i
l
y
 
i
d
e
n
t
i
f
i
e
d

t
h
e
 
d
i
f
f
e
r
e
n
t
 
i
n
g
r
e
d
i
e
n
t
s
 
i
t
 
t
h
e
 
e
x
p
e
r
i
m
e
n
t

a
n
d
 
e
x
p
l
a
i
n
e
d
 
w
h
a
t
 
o
c
c
u
r
r
e
d
,

a
l
l
o
w
 
s
e
v
e
r
a
l
 
s
t
u
d
e
n
t
s
 
t
o
 
r
e
p
s
z
t
 
t
h
e
 
a
c
t
i
v
i
t
y

a
t
 
t
h
e
i
r
 
t
a
b
l
e
s
 
o
r
 
i
n
 
f
r
o
n
t

o
f
 
t
h
e
 
r
o
o
m
.

E
x
p
e
c
t
e
d
 
R
e
s
u
l
t
s
:
 
T
h
e
 
r
e
s
u
l
t
s
 
h
a
v
e

b
e
e
n
 
s
t
a
t
e
d
 
b
r
i
e
f
l
y
 
a
b
o
v
e
.

I
f
 
t
h
e
r
e

w
a
s
 
a
 
s
t
e
a
d
y
 
s
u
p
p
l
y
o
f
 
e
l
e
c
t
r
o
n
s
 
a
v
a
i
l
a
b
l
e
 
o
n
 
t
h
e
b
a
l
l
o
o
n
,
 
i
t
 
w
o
u
l
d
 
b
e

p
o
s
s
i
b
l
e
 
t
o
 
k
e
e
p
 
t
h
e
 
g
l
o
w
 
l
a
m
p

l
i
g
h
t
e
d
 
f
o
r
 
s
o
m
e
t
i
m
e
.

T
h
i
s
 
a
c
t
i
v
i
t
y
 
m
a
y

l
e
a
d
 
d
i
r
e
c
t
l
y
 
i
n
t
o
 
a
 
d
i
s
c
u
s
s
i
o
n
 
o
f
 
a
n

e
l
e
c
t
r
i
c

w
h
i
c
h
 
d
o
e
s
 
p
r
o
v
i
d
e

t
h
e
 
s
t
e
a
d
y
 
s
u
p
p
l
y
 
o
f
 
e
l
e
c
t
r
o
n
s
.

C
K
A
L
I
.
:
-
I
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

F
i
g
.
 
1
 
-
-
 
E
l
e
c
t
r
o
n
s
 
o
n
 
C
h
a
r
g
e
d
 
B
a
l
l
o
o
n

P
a
s
s
 
T
h
r
o
u
g
h
 
G
l
o
w
 
L
a
m
p
 
t
o
 
M
a
k
e
 
L
i
g
h
t
.

F
i
g
.
 
2
 
-
-
 
M
a
g
n
i
f
i
e
d
 
V
i
e
w
 
o
f
 
G
l
o
w
 
L
a
m
p



S
I
X
T
H
 
D
A
Y
 
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

T
h
e
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
s
 
i
n
 
a
n
 
e
l
e
c
t
r
i
c

c
e
l
l
 
p
r
o
v
i
d
e
 
a
n
 
e
x
c
e
s
s
 
o
f
 
e
l
e
c
t
r
o
n
s

a
t
 
t
h
e
 
n
e
g
a
t
i
v
e
 
t
e
r
m
i
n
a
l
 
a
n
d
 
f
e
w

e
l
e
c
t
r
o
n
s
 
a
t
 
t
h
e
 
p
o
s
i
t
i
v
e
 
t
e
r
m
i
n
a
l
.

2
.

T
h
e
 
d
e
c
r
e
a
s
e
 
o
f
 
e
l
e
c
t
r
o
n
s
 
a
t
 
a

t
e
r
m
i
n
a
l
 
f
o
r
m
s
 
a
 
f
o
r
c
e
 
w
h
i
c
h
 
m
o
v
e
s

e
l
e
c
t
r
o
n
s
 
a
l
o
n
g
 
a
 
c
o
n
d
u
c
t
o
r
.

3
.

E
l
e
c
t
r
o
n
s
 
f
r
o
m
 
t
h
e
 
n
e
g
a
t
i
v
e
 
t
e
r
m
i
n
a
l

o
f
 
a
 
c
e
l
l
 
w
i
l
l
 
r
e
a
d
i
l
y
 
f
l
o
w
 
a
l
o
n
g
 
a

c
o
n
d
u
c
t
o
r
 
t
e
n
d
i
n
g
 
t
o
 
e
q
u
a
l
i
z
e
 
t
h
e

n
u
m
b
e
r
 
o
f
 
e
l
e
c
t
r
o
n
s
 
a
t
 
e
a
c
h
 
t
e
r
m
i
n
a
l
.

1
-
2
5

C
T

.
:
;
 
A
C
T
I
V
7
=
7

J
l
a
c
l
i
a
:

R
o
a
d
 
p
p
.
 
3
-
9
 
a
f
.
1
-
.
!
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

e
l
e
c
t
r
i
c
 
c
e
l
l
,
 
c
h
e
m
i
c
a
l

c
h
a
n
g
e
,
 
t
e
r
m
i
n
a
l
s
,
 
c
o
n
d
u
c
t
o
r
s

M
a
t
e
r
i
a
l
s
:

t
a
l
l
 
d
r
y
 
c
e
l
l
,
 
l
a
.
m
p
 
(
l
k
)
,

b
e
l
l
 
w
i
r
e
,
 
f
l
a
s
h
l
i
g
h
t
 
c
e
l
l
,
 
"
 
d
e
a
d
"
 
c
e
l
l

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
 
i
s
 
a
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
?

2
.

W
h
a
t
'
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n

a
 
c
e
l
l
 
a
n
d
 
a
 
b
a
t
t
e
r
y
?

3
.

H
o
w
 
h
o
t
 
d
o
e
s
 
a
n
 
e
l
e
c
t
r
i
c
 
w
i
r
e
 
g
e
t
?

D
i
s
c
u
s
s
i
o
n
:

R
e
v
i
e
w
 
t
h
e
 
i
m
p
o
r
t
a
n
c
e
 
o
f
 
h
a
v
i
n
g
 
a

s
t
e
a
d
y
 
s
u
p
p
l
y
 
o
f
 
e
l
e
c
t
r
o
n
s

i
n
 
o
r
d
e
r
 
t
o
 
d
o
 
w
o
r
k
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t
 
t
h
e
s
e
 
s
o
u
r
c
e
s
.

E
s
t
a
b
l
i
s
h
 
t
h
a
t

a
 
d
r
y
 
c
e
l
l
 
i
s
 
o
n
e
 
i
m
p
o
r
t
a
n
t
 
s
o
u
r
c
e
o
f
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
.

A
f
t
e
r
 
r
e
a
d
i
n
g

t
h
e
 
t
e
x
t
 
(
p
p
 
8
-
9
)
,
 
h
e
l
p
 
p
u
p
i
l
s
 
t
o

d
i
s
t
i
n
g
u
i
s
h
 
b
e
t
w
e
e
n
 
t
h
e
 
t
e
r
m
s
:

d
r
y
 
c
e
l
l

a
n
d
 
b
a
t
t
e
r
y
.

U
s
e
 
c
h
a
l
k
b
o
a
r
d
 
d
r
a
w
i
n
g
 
t
o

d
i
s
t
i
n
g
u
i
s
h
 
b
e
t
w
e
e
n
 
d
r
y
 
c
e
l
l
 
a
n
d

c
t

f
l
a
s
h
l
i
g
h
t
 
c
e
l
l
.

H
a
v
e
 
p
u
p
i
l
s
 
c
i
t
e
 
e
x
a
m
p
l
e
s
 
o
f

c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
.

C
a
l
l

a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
a
n

e
l
e
c
t
r
i
c
 
c
e
l
l
 
m
a
k
e
s
 
a
 
c
h
a
n
g
e
 
o
f
 
c
h
e
m
i
c
a
l

e
n
e
r
g
y
 
t
o
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
.

N
o
t
e
 
t
h
a
t
 
t
h
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t

p
r
o
d
u
c
e
d

l
i
g
h
t
 
e
n
e
r
g
y
 
a
n
d
 
h
e
a
t
 
e
n
e
r
g
y
.

*
A
c
t
i
v
i
t
i
e
s
:

R
e
a
d
 
t
e
x
t
 
p
p
.
 
8
-
9
 
a
n
d
 
i
n
t
e
r
p
r
e
t
 
p
i
c
t
u
r
e
s

i
n
 
b
o
o
k
l
e
t
 
a
s
 
w
e
l
l

a
s
 
c
h
a
l
k
b
o
a
r
d

i
l
l
u
s
t
r
a
t
i
o
n
s
.

T
a
k
e
 
t
h
e
 
t
a
l
l
 
d
r
y
 
c
e
l
l
 
a
n
d
 
u
s
e
 
b
a
r
e
 
w
i
r
e
 
t
o

c
o
n
n
e
c
t
 
i
t
 
,
t
o
 
t
h
e
 
l
i
g
h
t
 
b
u
l
b
 
t
e
r
m
i
n
a
l
s
 
a
s

s
h
o
w
n
 
i
n
 
F
i
g
u
r
e
 
2
.

A
f
t
e
r
 
n
o
t
i
n
g

t
h
e
 
c
h
a
n
g
e
 
o
f
 
e
n
e
r
g
y
 
f
c
r
m
e
 
(
c
h
e
m
i
c
a
l
 
e
n
e
r
g
y
 
t
o

e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
t
o
 
l
i
g
h
t

e
n
e
r
g
y
)
 
a
s
k
 
a
 
p
u
p
i
l
 
t
o
 
h
o
l
d
 
t
h
e
 
b
a
r
e
 
w
i
r
e
 
t
o
 
o
n
e

t
e
r
m
i
n
a
l
 
o
f
 
t
h
e
 
l
i
g
h
t
.

W
h
e
n

h
e
 
d
r
o
p
s
 
t
h
e
 
w
i
r
e
 
b
e
c
a
u
s
e
 
o
f
 
t
h
e
 
h
e
a
t
,

h
e
l
p
 
t
h
e
 
c
l
a
s
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
h
e
a
t

e
n
e
r
g
y
 
a
s
 
w
e
l
l
 
a
s
 
l
i
g
h
t
 
e
n
e
r
g
y

i
s
 
p
r
o
d
u
c
e
d
 
b
y
 
t
h
e
 
f
l
o
w
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
.

I
l
l
u
s
t
r
a
t
e
 
t
h
e
 
p
a
t
h
 
o
f
 
t
h
e
 
e
l
e
c
t
r
o
n
s
f
r
o
m
 
t
h
e
 
n
e
g
a
t
i
v
e
 
t
e
r
m
i
n
a
l
 
o
f

t
h
e
 
c
e
l
l
 
(
e
x
c
e
s
s
 
o
f
 
e
l
e
c
t
r
o
n
s
)
 
t
o
 
t
h
e
p
o
s
i
t
i
v
e
 
t
e
r
m
i
n
a
l
 
(
d
e
f
i
c
i
e
n
c
y
 
o
f

e
l
e
c
t
r
o
n
s
)
.

A
s
k
 
o
n
e
 
o
f
 
t
h
e
 
p
u
p
i
l
s
 
t
o
 
t
a
k
e
 
h
o
m
e
 
a

"
d
e
a
d
"
 
f
l
a
s
h
l
i
g
h
t
 
c
e
l
l
 
a
n
d
 
t
a
k
e

i
t
 
a
p
a
r
t
.

A
s
k
 
t
h
e
 
p
u
p
i
l
 
t
o
 
i
d
e
n
t
i
f
y
 
t
h
e

d
i
f
f
e
r
e
n
t
 
p
a
r
t
s
 
i
n
 
c
l
a
s
s
 
o
n

t
h
e
 
n
e
x
t
 
d
a
y
.

C
H
A
L
K
B
O
A
R
D
 
I
L
U
S
T
R
A
T
I
O
N
1

A
.

F
i
g
.
 
1

C
e
l
l
s

h
a
v
e
 
(
-
)

t
e
r
m
i
n
a
l
s
 
a
t

d
i
f
f
e
r
e
n
t

p
l
a
c
e
s

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
e
l
e
c
t
r
i
c
:
 
c
u
r
r
e
n
t
 
w
i
l
l
 
l
i
g
h
t
 
t
h
e
 
l
a
m
p

w
h
e
n
 
t
h
e
 
c
i
r
c
u
i
t
 
i
s
 
c
o
m
p
l
e
t
e
.

T
h
e
 
p
a
t
h
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
 
f
r
o
m

(
-
)
 
t
e
r
m
i
n
a
l
 
t
o
 
6
0
 
t
e
r
m
i
n
a
l
 
i
s
 
s
h
o
w
n
 
i
n
 
F
i
g
u
r
e

2
.

T
h
e
r
e

i
s
 
n
o
t
 
e
n
o
u
g
h
 
e
l
e
c
t
r
i
c
i
t
y
 
i
n
 
t
h
e
 
d
r
y
 
c
e
l
l
 
t
o

i
n
j
u
r
e
 
a
n
y
 
p
u
p
i
l
.

T
h
e
 
p
a
s
s
a
g
e
 
o
f
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
t
h
r
o
u
g
h
 
a
n
y

o
b
j
e
c
t
 
w
i
l
l
 
c
r
e
a
t
e

h
e
a
t
.

I
n
 
t
h
i
s
 
i
n
s
t
a
n
c
e
,
 
t
h
e
 
t
h
i
n
 
w
i
r
e
b
e
c
c
i
e
s
 
h
o
t
 
t
o
 
t
h
e
 
t
o
u
c
h
.

W
i
t
h
 
a
 
l
i
g
h
t
e
d
 
f
l
a
s
h
l
i
g
h
t
,
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
h
e
a
t

g
e
n
e
r
a
t
e
d
 
i
s

n
e
g
l
i
g
i
b
l
e
 
t
o
 
t
h
e
 
t
o
u
c
h
.

A
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
 
o
c
c
u
r
s
 
w
h
e
n
 
a
 
n
e
w
 
s
u
b
s
t
a
n
c
e

i
s
 
m
a
d
e

b
y
 
c
o
m
b
i
n
i
n
g
 
t
w
o
 
o
r
 
m
o
r
e
 
m
a
t
e
r
i
a
l
s
.

I
n
 
t
h
e
 
d
r
y
 
c
e
l
l
,
 
t
h
e
 
b
l
a
c
k

m
a
t
e
r
i
a
l
 
i
s
 
a
 
c
h
e
m
i
c
a
l
 
(
m
a
n
g
a
n
e
s
e
 
d
i
o
x
i
d
e
)
.

T
h
e
 
s
i
l
v
e
r
 
m
e
t
a
l

i
s
 
z
i
n
c
 
a
n
d
 
t
h
e
 
b
l
a
c
k
 
r
o
d
 
i
s
 
c
a
r
b
o
n
.
 
T
h
e

c
h
e
m
i
c
a
l
 
a
n
d
 
t
h
e
 
z
i
n
c

.

r
e
a
c
t
 
i
n
 
a
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
 
t
o
 
c
r
e
a
t
e
 
a
n
 
e
x
c
e
s
s
o
f
 
e
l
e
c
t
r
o
n
s

w
h
i
c
h
 
f
l
o
w
s
 
f
r
o
m
 
t
h
e
 
z
i
n
c
,
 
t
h
r
o
u
g
h
 
s
o
m
e

c
o
n
d
u
c
t
o
r
,
 
a
n
d
 
r
e
t
u
r
n
s

t
o
 
t
h
e
 
c
e
l
l
 
v
i
a
 
t
h
e
 
c
a
r
b
o
n
 
r
o
d
.

F
i
g
.
 
2
 
-
-
 
E
l
e
c
t
r
o
n
s
F
l
o
w
 
f
r
o
m

C
e
l
l
,
 
T
h
r
o
u
g
h
 
L
i
g
h
t

B
u
l
b
,
 
a
n
d

B
a
c
k
 
t
o
 
C
e
l
l
.



S
E
V
E
N
T
H
 
P
A
Y
 
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
2
6

C
L
A
S
S
 
A
C
T
1
V
I
T
T
7
3

C
E
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
P
A
T
I
O
N
S

1
.

S
i
n
c
e
 
c
u
r
r
e
n
t
 
p
r
o
d
u
c
e
d
 
b
y
 
a
 
c
e
l
l

f
l
o
w
s
 
i
n
 
o
n
e
 
d
i
r
e
c
t
i
o
n
 
o
n
l
y
,
 
i
t

i
s
 
c
a
l
l
e
d
 
d
i
r
e
c
t
 
c
u
r
r
e
n
t
.

2
.

A
l
t
e
r
n
a
t
i
n
g
 
c
u
r
r
e
n
t
 
f
l
o
w
s
 
f
i
r
s
t
 
i
n

o
n
e
 
d
i
r
e
c
t
i
o
n
 
a
n
d
 
t
h
e
n
 
i
n
 
t
h
e

o
p
p
o
s
i
t
e
 
d
i
r
e
c
t
i
o
n
.

3
.

E
l
e
c
t
r
i
c
i
t
y
 
f
r
o
m
 
a
 
g
e
n
e
r
a
t
o
r
 
m
a
y

b
e
 
e
i
t
h
e
r
 
d
i
r
e
c
t
 
c
u
r
r
e
n
t
 
(
D
C
)
 
o
r

a
l
t
e
r
n
a
t
i
n
g
 
c
u
r
r
e
n
t
 
(
A
C
)
.

4
.

E
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
m
a
y
 
b
e
 
u
s
e
d
 
t
o
:

h
e
a
t
 
o
r
 
c
o
o
k
,
 
m
a
k
e
 
l
i
g
h
t
,
 
s
e
n
d

m
e
s
s
a
g
e
s
,
 
a
n
d
 
r
u
n
 
m
a
c
h
i
n
e
s
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
1
S
-
Z
O
,
 
2
3
-
2
6
.

N
e
w
 
W
o
r
d
s
:

a
l
t
e
r
n
a
t
i
n
g
 
c
u
r
r
e
n
t
,

d
i
r
e
c
t
 
c
u
r
r
e
n
t
,
 
g
e
n
e
r
a
t
i
n
g
 
c
u
r
r
e
n
t

M
a
t
e
r
i
a
l
s
:

d
r
y
 
c
e
l
l
,
 
l
a
m
p
,
 
w
i
r
e

p
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
i
l
l
 
t
h
e
 
l
a
m
p
 
g
i
v
e
 
l
i
g
h
t
 
w
h
e
n

t
h
e
 
w
i
r
e
s
 
a
r
e
 
c
h
a
n
g
e
d
?

2
.

W
h
y
 
d
o
e
s
 
t
h
e
 
b
u
l
b
 
g
l
o
w
?

D
i
s
c
u
s
s
i
o
n
:

D
i
s
t
i
n
g
u
i
s
h
 
c
l
e
a
r
l
y
 
b
e
t
w
e
e
n
 
d
i
r
e
c
t
 
c
u
r
r
e
n
t
 
a
n
d
 
a
l
t
e
r
n
a
t
i
n
g

c
u
r
r
e
n
t
.

T
h
e
 
l
a
t
t
e
r
 
i
s
 
c
o
m
m
o
n
l
y
 
u
s
e
d
 
i
n
 
h
o
m
e
s
 
a
n
d
 
b
u
s
i
n
e
s
s
e
s
.

P
u
p
i
l
s

m
a
y
 
h
a
v
e
 
s
e
v
e
r
a
l
 
p
e
r
s
o
n
a
l
 
e
x
p
e
r
i
e
n
c
e
s
 
t
o
 
r
e
l
a
t
e
 
a
b
o
u
t
 
p
r
o
b
l
e
m
s
 
w
i
t
h

f
u
s
e
s
 
o
r
 
e
l
e
c
t
r
i
c
a
l
 
f
i
r
e
s
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
t
h
i
n
 
w
i
r
e
 
i
n
 
t
h
e

l
i
g
h
t
 
b
u
l
b
 
s
h
o
w
n
 
o
n
 
p
a
g
e
 
2
0
 
o
f
 
t
h
e
 
t
e
x
t
.

P
u
p
i
l
s
 
m
a
y
 
s
k
i
m
 
t
h
r
o
u
g
h
 
p
a
g
e
s

2
6
-
3
3
 
t
o
 
n
o
t
e
 
o
t
h
e
r
 
a
p
p
l
i
c
a
t
i
o
n
s
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
 
i
n
 
t
h
e
i
r
 
d
a
i
l
y
 
l
i
v
e
s
.

*
A
c
t
i
v
i
t
i
e
s
:

D
i
s
c
u
s
s
 
t
h
e
 
v
a
r
i
o
u
s
 
u
s
e
s
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
 
w
h
i
c
h
 
a
r
e
 
i
l
l
u
s
t
r
a
t
e
d

i
u
 
t
h
e
 
p
i
c
t
u
r
e
s
 
o
f
 
t
h
e
 
t
e
x
t
.

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
c
o
m
e
 
t
o
 
t
h
e
 
f
r
o
n
t

o
f
 
t
h
e
 
r
o
o
m
 
a
n
d
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
a
t
 
t
h
e
 
l
a
m
p
s
 
w
i
l
l
 
l
i
g
h
t
 
e
v
e
n
 
w
h
e
n
 
t
h
e
 
w
i
r
e
s

a
r
e
 
c
h
a
n
g
e
d
 
a
t
 
t
h
e
 
t
e
r
m
i
n
a
l
s
 
o
f
 
t
h
e
 
f
l
a
s
h
l
i
g
h
t
 
c
e
l
l
 
o
r
 
a
t
 
t
h
e
 
l
a
m
p
 
b
a
s
e
.

M
a
k
e
 
a
 
l
i
s
t
i
n
g
 
a
t
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
 
o
f
 
t
h
e
 
v
a
r
i
o
u
s
 
u
s
e
s
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
l
a
m
p
 
w
i
l
l
 
l
i
g
h
t
 
w
h
e
n
 
t
h
e
 
t
e
r
m
i
n
a
l
s
 
a
r
e
 
s
w
i
t
c
h
e
d
 
o
r

w
h
e
n
 
t
h
e
 
w
i
r
e
s
 
t
o
u
c
h
i
n
g
 
t
h
e
 
c
o
n
t
a
c
t
s
 
o
n
 
t
h
e
 
l
a
m
p
 
a
r
e
 
e
x
c
h
a
n
g
e
d
.

T
h
e

t
h
i
n
 
w
i
r
e
 
i
n
 
t
h
e
 
l
i
g
h
t
 
b
u
l
t
 
i
s
 
a
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
 
w
h
i
c
h
 
r
e
,
s
i
s
t
s
 
t
h
e

p
a
s
s
a
g
e
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
.

T
h
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
h
e
a
t
s
 
t
h
e
 
w
i
r
e
 
u
n
t
i
l
 
i
t

g
l
o
w
s
 
w
h
i
t
e
 
h
o
t
 
a
n
d
 
g
i
v
e
s
 
l
i
g
h
t
.

F
i
g
.
 
1
 
-
-
 
E
l
e
c
t
r
i
c
 
C
e
l
l
s
 
G
i
v
e
 
D
i
r
e
c
t
 
C
u
r
r
e
n
t

F
i
g
.
 
2
 
-
-
 
A
l
t
e
r
n
a
t
i
n
g
 
C
u
r
r
e
n
t
 
i
s

U
s
e
d
 
t
o
 
L
i
g
h
t
 
L
a
m
p
s

F
i
g
.
 
3
 
-
-
 
E
l
e
c
t
r
i
c
a
l
 
E
n
e
r
g
y
 
C
h
a
n
g
e
d

e
r
 
F
o
r
m
s
 
o
f
 
E
n
e
r
g
y

E
g
e
r
 
g
y
 
C
h
a
n
g
e

I
E
x
a
m
p
l
e

E
l
e
c
t
r
i
c
a
l
 
E
n
e
r
g
y
 
t
o
 
?
e
a
t
 
E
n
e
r
g
y

S
t
o
v
e
s
,
 
I
r
o
n
s
,
 
h
e
a
t
e
r

E
l
e
c
t
r
i
c
a
l
 
E
n
e
r
g
y
 
t
o
 
L
i
g
h
t
 
E
n
e
r
g
y

S
t
r
e
e
t
 
l
i
g
h
t
,
 
h
o
u
s
e

l
i
g
h
t
s
,
 
c
a
r
 
l
i
g
h
t
s

E
l
e
c
t
r
i
c
a
l
 
E
n
e
r
g
y
 
t
o
 
M
e
c
h
a
n
i
c
a
l

E
n
e
r
g
y

M
o
t
o
r
s
,
 
m
a
c
h
i
n
e
s



M
U
M
 
&
 
N
I
N
T
H
 
D
A
Y
 
-
-
 
C
O
N
C
E
P
T
S

1
-
2
7

C
L
A
S
S
 
A
C
T
I
V
I
T
I
L
I
S

1
.

k
h
e
n
 
e
l
e
c
t
r
o
n
s
 
m
o
v
e
 
a
l
o
n
g
 
a

c
o
n
d
u
c
t
o
r
,

a
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t

i
s
 
p
r
o
d
u
c
e
d
.

2
.

C
u
r
r
e
n
t
 
e
l
e
c
t
r
i
c
i
t
y
 
i
s
 
u
s
e
d
 
m
o
r
e

t
h
a
n

s
t
a
t
i
c
 
e
l
e
c
t
r
i
c
i
t
y
.

3
.

A
n
 
e
l
e
c
t
r
i
c
 
c
i
r
c
u
i
t

c
o
n
t
a
i
n
s
 
a
 
s
o
u
r
c
e

c
f
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y

a
n
d
 
a
 
p
a
t
h
 
t
h
r
o
u
g
h

w
h
i
c
h
 
t
h
e
 
c
u
r
r
e
n
t
 
m
a
y
 
f
l
o
w
.

4
.

A
 
c
l
o
s
e
d
 
c
i
r
c
u
i
t
 
h
a
s
 
n
o
g
a
p
s
 
i
n
 
t
h
e

p
a
t
h
 
o
f
 
t
h
e
 
c
u
r
r
e
n
t
 
o
f

e
l
e
c
t
r
i
c
i
t
y
.

5
.

A
n
 
o
p
e
n
 
c
i
r
c
u
i
t
 
h
a
s
 
a
 
g
a
p

s
o
m
e
w
h
e
r
e

i
n
 
t
h
e
 
p
a
t
h
 
o
f
 
t
h
e
 
c
u
r
r
e
n
t
.

A
n
 
e
l
e
c
t
r
i
c
 
c
i
r
c
u
i
t
 
m
a
y
b
e
 
c
o
n
n
e
c
t
e
d

i
n
 
s
e
r
i
e
s
 
o
r
 
i
n
 
p
a
r
a
l
l
e
l
.

R
e
a
p
i
n
g
:

R
e
a
d
 
p
p
.
 
1
0
-
1
5
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
o
t
e
 
p
i
c
t
u
r
e
s
 
o
n
 
p
p
.

z
*
L
.
,
 
3
4
 
3
5
.

N
e
w
 
w
o
r
d
s
:

e
l
e
c
t
r
i
c
 
c
i
r
c
u
i
t
,
 
c
l
o
s
e
d

c
i
r
c
u
i
t
,
 
o
p
e
n
 
c
i
r
c
u
i
t
,
 
s
e
r
i
e
s

c
i
r
c
u
i
t
,

p
a
r
a
l
l
e
l
 
c
i
r
c
u
i
t
.

M
a
t
e
r
i
a
l
s
:

b
a
l
l
o
o
n
s
,
 
n
e
o
n
 
l
a
m
p
,

c
o
m
p
a
s
s
 
g
a
l
v
a
n
o
m
e
t
e
r
,
 
w
i
r
e
,

d
r
y

c
e
l
l
s
,
 
p
e
g
 
b
o
a
r
d

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
 
i
s
 
a
 
c
i
r
c
u
i
t
?

2
.

w
h
a
t
'
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n

s
e
r
i
e
s

a
n
d
 
p
a
r
a
l
l
e
l
 
c
i
r
c
u
i
t
s
?

3
.

W
h
e
r
e
 
a
r
e
 
t
h
e
s
e
 
c
i
r
c
u
i
t
s
 
u
s
e
d
'

g
 
D
i
s
c
u
s
s
i
o
n
:

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
m
e
a
n
i
n
g
o
f
 
"
c
i
r
c
u
i
t
'
 
a
m
o
n
g
 
t
h
e
 
t
h
r
e
e

f
l

d
i
e
m
b
e
r
s
 
(
c
e
l
l
,
 
b
u
l
b
,
 
w
i
r
e
)
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
n
o
t
e
 
w
h
a
t

h
a
p
p
e
n
s
 
w
h
e
n
 
t
h
e
 
w
i
r
e

i
s
 
r
e
m
o
v
e
d
 
a
n
d
 
t
h
e
 
c
i
r
c
u
i
t

b
r
o
k
e
n
.

E
n
c
o
u
r
a
g
e
 
t
h
e
m
 
t
o
 
i
d
e
n
t
i
f
y
 
t
h
i
s

b
r
e
a
k
i
n
g
 
o
f
 
t
h
e
 
c
i
r
c
u
i
t
 
w
i
t
h
 
a

s
w
i
t
c
h
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
b
e
 
a
b
l
e
 
t
o

i
d
e
n
t
i
f
y

s
e
v
e
r
a
l
 
i
n
s
t
a
n
c
e
s
 
w
h
e
n
 
a
 
s
w
i
t
c
h
 
i
s
u
s
e
d
 
t
o
 
b
r
e
a
k
 
t
h
e
 
f
l
o
w
o
f
 
e
l
e
c
t
r
i
c
i
t
y

t
h
r
o
u
g
h
 
a
 
c
i
r
c
u
i
t
.

T
h
e
 
p
i
c
t
u
r
e
s
 
o
n
 
p
a
g
e
s
 
l
u
,

1
1
 
i
l
l
u
s
t
r
a
t
e
 
a
 
s
e
r
i
e
s
 
c
i
r
c
u
i
t

a
n
d
 
s
w
i
t
c
h
e
s
.

S
o
m
e
 
p
u
p
i
l
s
 
m
a
y
 
i
d
e
n
t
i
f
y

t
h
e
 
e
r
r
o
r
 
i
n
 
t
h
e
 
t
e
x
t
 
w
h
i
c
h

e
x
p
l
a
i
n
s
 
t
f
t
e
 
p
a
t
h
 
o
f

e
l
e
c
t
r
i
c
i
t
y
 
t
h
r
o
u
g
h
 
t
h
e

f
l
a
s
h
l
i
g
h
t
 
o
n
 
p
a
g
e
 
1
5
.

*
A
c
t
i
v
i
t
i
e
s
:

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
c
o
m
e

t
o
 
f
r
o
n
t
 
o
f
 
r
o
o
m
 
a
n
d
 
c
o
n
n
e
c
t

w
i
r
e
 
s
o
 
t
h
a
t
 
a
 
c
o
m
p
l
e
t
e
c
i
r
c
u
i
t
 
i
s
 
m
a
d
e
 
a
n
d
 
t
h
e
 
l
a
m
p

l
i
g
h
t
s
.

C
a
l
l

a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
d
i
f
f
e
r
e
n
t

e
l
e
m
e
n
t
s
 
i
n
 
t
h
e
 
c
i
r
c
u
i
t
,

i
.
e
.
(
s
o
u
r
c
e
 
o
f

e
l
e
c
t
r
i
c
i
t
y
,
 
O
a
t
h
 
f
o
r
 
e
l
e
c
t
r
o
n
 
t
o
t
r
a
v
e
l
,
 
l
a
m
p
 
t
o
 
L
i
g
h
t
 
o
r
 
o
t
h
e
r
w
o
r
k
 
t
o
 
d
o
)
.

D
i
s
t
r
i
b
u
t
e
 
a
 
b
u
l
b
,
 
f
l
a
s
h
l
i
g
h
t

c
e
l
l
,
 
a
n
d
 
i
n
s
u
l
t
e
d
 
w
i
r
e
 
t
o
g
i
n
u
p
s

o
f

p
u
p
i
l
s
.
 
A
s
k
 
e
a
c
h
 
g
r
o
u
p
 
t
o
 
t
a
k
e
t
u
r
n
s
 
m
a
k
i
n
g
 
t
h
e
 
b
u
l
b

l
i
g
h
t
.

A
s
k
 
t
h
e
m
 
t
o

t
r
y
 
d
i
f
f
e
r
e
n
t
 
a
r
r
a
n
g
e
m
e
n
t
s
o
f
 
b
u
l
b
,
 
b
a
t
t
e
r
y
 
a
n
d
 
w
i
r
e
.

A
t
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
,

s
k
e
t
c
h
 
t
h
e
 
p
a
t
h
 
o
f
 
t
h
e

e
l
e
c
t
r
o
n
s
 
a
s
 
t
h
e
y
 
f
l
o
w
 
f
r
o
m

t
h
e
 
c
e
l
l
 
t
h
r
o
u
g
h
 
t
h
e
 
w
i
r
e

a
n
d
 
b
u
l
b
 
a
n
d
 
b
a
c
k
 
t
o
 
t
h
e

c
e
l
l
.

N
o
t
e
 
t
h
a
t
 
t
h
e
r
e

C
H
A
L
K
B
O
A
R
D
 
/
M
U
S
T
R
A
T
I
O
N
S

F
i
g
.
 
1
 
-
-
 
F
l
o
w
 
o
f
 
E
l
e
c
t
r
i
c
i
t
y

i
n
 
S
e
r
i
e
s
 
C
i
r
c
u
i
t

F
i
g
.
 
2
 
-
-
 
F
l
o
w
 
o
f
 
E
l
e
c
t
r
i
c
i
t
y
i
n
 
P
a
r
a
l
l
e
l
 
C
i
r
c
u
i
t

i
s
 
a
 
c
o
r
r
e
c
t
 
p
a
t
h
 
-
-

s
t
a
r
t
 
a
t
 
t
h
e
 
n
e
g
a
t
i
v
e
 
p
o
l
e
 
a
n
d

f
o
l
l
o
w
 
t
h
e

c
i
r
c
u
i
t
 
t
o
 
t
h
e
 
p
o
s
i
t
i
v
e
 
p
o
l
e
.

A
r
r
a
n
g
e
 
t
h
e
 
p
e
g
 
b
o
a
r
d
 
w
z
r
i
n
g
 
s
o

t
h
a
t
 
a
 
s
e
r
i
e
s
 
c
i
r
c
u
i
t
 
(
F
i
g
u
r
e

1
)
 
i
s
 
f
o
r
m
e
d
.

N
o
t
e
 
t
h
a
t
 
a
l
l
 
l
i
g
h
t
s

g
o
 
o
u
t
 
w
h
e
n
 
o
n
e
 
L
i
g
h
t
 
i
s
r
e
m
o
v
e
d
.

N
e
x
t
,
 
a
r
r
a
n
g
e
 
t
h
e
 
l
i
g
h
t
s
 
i
n

p
a
r
a
l
l
e
l
.

N
o
t
e
 
t
h
a
t
 
o
n
e
 
l
i
g
h
t
 
w
i
l
l
 
s
t
a
y

l
i
g
h
t
e
d
 
e
v
e
n
 
w
h
e
n

a
n
o
t
h
e
r
 
b
u
l
b
 
i
s
 
o
u
t
 
(
F
i
g
.
 
2
)
 
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

W
h
e
n
e
v
e
r
 
a
 
c
i
r
c
u
i
t
 
i
s
 
f
o
r
m
e
d
 
t
h
e
 
l
a
m
p
w
i
l
l

l
i
g
h
t
.

I
f
 
t
h
e
 
p
u
p
i
l
s
 
d
o
n
'
t
 
r
e
m
o
v
e
 
t
h
e

i
n
s
u
l
a
t
i
o
n
 
f
r
o
m
 
t
h
e
 
w
i
r
e
,

t
h
e
y
 
w
i
l
l
 
n
o
t
 
b
e
 
a
b
l
e
 
t
o
 
L
i
g
h
t
 
t
h
e
b
u
l
b
.

A
n
y
 
s
w
i
t
c
h
 
c
a
n
 
b
e

c
o
n
s
i
d
e
r
e
d
 
a
s
 
a
 
k
i
n
d
 
o
f
 
b
r
e
a
k
 
i
n
 
t
h
e

c
i
r
c
u
i
t
.

B
u
i
l
d
i
n
g
s
 
u
s
e

p
a
r
a
l
l
e
l
 
c
i
r
c
u
i
t
s
 
a
s
 
t
h
a
t
 
w
h
e
n
 
o
n
e
 
l
i
g
h
t
 
o
r
m
a
c
h
i
n
e
 
i
s
 
t
u
r
n
e
d

o
f
f
,
 
a
l
l
 
o
f
 
t
h
e
 
o
t
h
e
r
 
u
n
i
t
s
 
c
a
n

c
o
n
t
i
n
u
e
 
t
o
 
o
p
e
r
a
t
e
.

I
n
 
p
a
r
a
l
l
e
l
 
w
i
r
i
n
g
,
 
a
l
l
 
l
a
m
p
s
 
r
e
c
e
i
v
e

t
h
e
 
s
a
m
e
 
a
m
o
u
n
t
 
o
f

e
l
e
c
t
r
i
c
i
t
y
.

T
h
e
r
e
f
o
r
e
,
 
e
a
c
h
 
l
a
m
p
 
h
a
s
 
a
b
o
u
t
 
t
h
e
 
s
a
m
e

b
r
i
l
l
i
a
n
c
e
.



T
E
N
T
H
 
D
A
Y
 
-
-
G
E
N
E

1
-
2
8

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

1
.

A
l
l
 
m
a
t
e
r
i
a
l
s
 
o
f
f
e
r
 
s
o
m
e
 
r
e
s
i
s
t
a
n
c
e

t
o
 
a
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
.

Z
.

A
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
f
l
o
w
s
 
e
a
s
i
l
y
 
a
l
o
n
g

L
o
u
d
 
c
o
n
d
u
c
t
o
r
s
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
,
 
b
u
t
 
d
o
e
s

n
o
t
 
f
l
o
w
 
e
a
s
i
l
y
 
a
l
o
n
g
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
s
.

3
.

M
b
s
c
 
m
e
t
a
l
s
 
a
r
e
 
g
o
o
d
 
c
o
n
d
u
c
t
o
r
s
.

4
.

W
h
e
n
 
a
n
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
H
o
l
m
 
a
l
o
n
g

a
 
w
i
r
e
,
 
t
h
e
 
w
i
r
e
 
i
s
 
h
e
a
t
e
d
.

5
.

I
n
 
e
l
e
c
t
r
i
c
a
l
 
h
e
a
t
i
n
g
 
a
p
p
l
i
a
n
c
e
s
 
a

c
.
t
r
r
e
n
t
 
i
s
 
s
e
n
t
 
a
l
o
n
g
 
a
 
w
i
r
e
 
w
h
i
c
h
 
i
s

a
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
.

6
.

W
h
e
n
 
a
 
l
a
r
g
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
f
l
o
w
s

a
l
o
n
g
 
a
 
w
i
r
e
 
w
h
i
c
h
 
i
s
 
a
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
,

i
t
 
m
a
y
 
b
e
c
o
m
e
 
h
o
t
 
e
n
o
u
g
h
 
t
o
 
g
i
v
e
 
o
f
f
 
l
i
g
h
t
.

R
e
a
d
i
n
g
:

C
o
m
p
l
e
t
e
 
r
e
a
d
i
n
g
 
p
p
.
 
1
0
-
1
5

s
i
l
e
n
t
l
y
 
a
n
d
 
a
l
o
u
d
.

R
e
v
i
e
w
 
p
p
.
 
1
3
-
2
4
.

N
e
w
 
W
o
r
d
s
:

r
e
s
i
s
t
a
n
c
e
,
 
i
n
s
u
l
a
t
o
r
,
 
a
p
p
l
i
a
n
c
e
s
.

M
a
t
e
r
i
a
l
s
:

d
r
y
 
c
e
l
l
s
,
 
l
a
m
p
s
,
 
w
i
r
e
,

n
i
c
h
r
o
m
e
 
w
i
r
e

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

w
h
y
 
d
o
e
s
 
t
h
e
 
n
i
c
h
r
o
m
e
 
w
i
r
e
 
g
e
t
 
h
o
t
?

Z
.

W
h
a
t
 
a
r
e
 
s
o
m
e
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
s
 
o
r

g
o
o
d
 
c
o
n
d
u
c
t
o
r
s
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
?

3
.

I
s
 
a
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
 
u
s
e
f
u
l
 
t
o
 
p
e
o
p
l
e
?

0 c
"
 
D
i
s
c
u
i
s
i
o
n
:

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
s
o
m
e
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
s

w
i
l
l

r
e
s
i
s
t
 
t
h
e
 
f
l
o
w
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
.

I
n
 
s
o
m
e
 
c
a
s
e
s
 
t
h
e
y
 
m
a
y
 
b
e
c
o
m
e
 
r
e
d
 
h
o
t
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
u
s
e
 
o
f
 
t
h
i
n
 
w
i
r
e
s
 
u
s
e
d
i
n
 
l
i
g
h
t
 
b
u
l
b
s
 
w
h
i
c
h
 
a
r
e

h
e
a
t
e
d
 
t
o
 
a
 
w
h
i
t
e
 
h
e
a
t
 
i
n
 
a
 
p
a
r
t
i
a
l
 
v
a
c
u
u
m
 
o
f

t
h
e
 
b
u
l
b
.

R
e
v
i
e
w
 
b
r
i
e
f
l
y
 
t
h
e
 
h
e
a
t
 
a
p
p
l
i
a
n
c
e
s
 
w
h
i
c
h
 
d
e
p
e
n
d
 
u
p
o
n
e
l
e
c
t
r
i
c
i
t
y
.

S
e
v
e
r
a
l
 
a
r
e
 
i
l
l
u
s
t
r
a
t
e
d
 
o
r
 
d
e
s
c
r
i
b
e
d
 
o
n
 
p
a
g
e
s

2
3
-
Z
4
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
w
a
t
e
r
 
i
s
 
a
w
e
a
k
 
c
o
n
d
u
c
t
o
r
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
.

F
a
r
 
t
h
a
t
 
r
e
a
s
o
n
,
 
c
h
i
l
d
r
e
n
t
h
o
u
l
d
n
e
v
e
r

t
o
u
c
h
 
a
n
y
 
e
l
e
c
t
r
i
c
a
l
 
a
p
p
l
i
a
n
c
e
 
w
i
t
h

w
e
t
 
h
a
n
d
s
.

D
i
s
c
u
s
s
 
b
r
i
e
f
l
y
 
t
h
e
 
s
a
f
e
t
y
 
h
a
z
a
r
d
s
 
o
f
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
.

W
h
e
n
e
v
e
r
 
p
u
p
i
l
s
 
d
o
 
e
x
p
e
r
i
m
e
n
t
s
 
a
t
 
h
o
m
e
,
 
t
h
e
y
s
h
o
u
l
d
 
a
l
w
a
y
s
 
u
s
e
 
d
r
y
 
c
e
l
l
s
.

T
h
e
y
 
s
h
o
u
l
d
 
n
e
v
e
r
 
e
x
p
e
r
i
m
e
n
t
 
w
i
t
h
 
e
l
e
c
t
r
i
c
i
t
y

f
r
o
m
 
a
 
w
a
l
l
 
o
u
t
l
e
t
 
u
n
l
e
s
s

a
 
k
n
o
w
l
e
d
g
e
a
b
l
e
 
a
d
u
l
t
 
i
s
 
t
h
e
r
e
 
t
o
 
s
u
p
e
r
v
i
s
e
.

*
A
c
t
i
v
i
t
i
e
s
:

A
f
t
e
r
 
d
e
f
i
n
i
n
g
 
"
c
o
n
d
u
c
t
o
r
s
"
 
a
n
d
 
"
n
o
n
-
c
o
n
d
u
c
t
o
r
s
"
,

d
i
s
t
r
i
b
u
t
e

b
u
l
b
s
,
 
a
n
d
 
w
i
r
e
 
t
o
 
s
e
v
e
r
a
l
 
g
r
o
u
p
s
 
a
n
d
 
e
n
c
o
u
r
a
g
e
 
t
h
e
m
 
t
o

i
d
e
n
t
i
f
y
 
s
e
v
e
r
a
l

s
p
e
c
i
f
i
c
 
c
o
n
d
u
c
t
o
r
s
 
a
n
d
 
n
o
n
-
c
o
n
d
u
c
t
o
r
s
.

L
i
s
t
 
t
h
e
s
e
 
o
n
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
 
m
o
s
t

m
e
t
a
l
s
 
a
p
p
e
a
r
 
t
o
 
b
e
 
g
o
o
d

c
o
n
d
u
c
t
o
r
s
,
 
w
h
i
l
e
 
c
l
o
t
h
,
 
w
o
o
d
 
a
n
d
 
p
a
p
e
r
 
a
r
e
 
p
o
o
r

c
o
n
d
u
c
t
o
r
s
.

P
l
a
c
e
 
a
 
p
i
e
c
e
 
o
f
 
n
i
c
h
r
o
m
e
 
w
i
r
e
 
a
c
r
o
s
s

t
h
e
 
t
e
r
m
i
n
a
l
s
 
o
f
 
t
h
e
 
t
a
l
l
 
d
r
y

c
e
l
l
.

N
o
t
e
 
t
h
a
t
 
i
t
 
t
u
r
n
s
 
r
e
d
 
b
e
c
a
u
s
e
 
o
f
 
t
h
e
 
h
e
a
t
.

F
i
g
.
 
1

C
o
n
d
u
c
t
o
r
s
 
o
f
 
E
i
e
c
t
r
i
c
i
t

G
o
o
d

P
o
o
r

c
o
p
p
e
r

i
r
o
n

s
t
e
e
l

m
o
s
t
 
m
e
t
a
l
s

w
o
o
l

g
l
a
s
s

c
l
o
t
h

w
o
o
d

p
a
p
e
r

.

E
a
c
h
 
p
o
s
s
i
b
l
e
 
c
o
n
d
u
c
t
o
r
 
c
a
n
 
b
e
 
t
e
s
t
e
d
 
b
y
 
p
l
a
c
i
n
g
 
i
t
 
i
n
 
t
h
e

c
i
r
c
u
i
t
 
a
s
 
s
h
o
w
n
 
i
n
 
F
i
g
.
 
2
.

I
f
 
t
h
e
 
l
a
m
p
 
l
i
g
h
t
,
 
i
t
 
i
s
 
a
 
g
o
o
d

c
o
n
d
u
c
t
o
r
.

B
e
f
o
r
e
 
t
h
e
 
t
e
s
t
,
 
c
h
e
c
k
 
t
o
 
s
e
e
 
i
f
 
t
h
e
 
c
e
l
l
 
a
n
d

l
a
m
p
 
a
r
e
 
a
l
l
 
r
i
g
h
t
.

F
i
g
.
 
2
 
-
-
 
T
e
s
t
i
n
g
 
C
o
n
d
u
c
t
o
r
s
 
o
f
 
E
l
e
c
t
r
i
c
i
t
y
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R

IC
IT

Y
"

(J
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R

O
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H
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A
V

E
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L
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 C
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T
H
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A
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E
 I

N
C

IU
D

E
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H

E
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X
A

C
T
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E

X
T

U
SE

D
 I

N

c
T
H
E

C
A

PT
IO

N
S 

O
F 

T
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, E
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M
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R
IP

.
U
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N

G
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H
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T
E

X
T

, T
H

E
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E
A

C
H

E
R

 C
O

U
L

D
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E
V
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W
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 I

D
E

A
S

T
O
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M
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A
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Z

E
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N
 M

E
 F

IL
M

ST
R

IP
.

T
H

E
 T

E
X

T

IS
 N

O
T

 I
N

C
L

U
D

E
D

 H
E

R
E

 I
N

 O
R

D
E

R
 T

O
 A

V
O

ID
IN

-

FR
IN

G
E

M
N

T
 O

F 
JA

M
 H

A
N

D
Y

 C
O

PY
R

IG
H

T
.



T
W
E
L
F
T
H
 
A
N
D
 
T
H
I
R
T
E
E
N
T
H
 
D
A
Y
S
 
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

A
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
c
o
n
s
i
s
t
s
 
o
f
 
a
 
p
i
e
c
e
 
o
f

i
r
o
n
 
w
i
t
h
i
n
 
a
 
c
o
i
l
 
o
f
 
w
i
r
e
,
 
a
l
o
n
g
 
w
h
i
c
h

a
 
c
u
r
r
e
n
t
 
o
f
 
e
l
e
c
t
r
i
c
i
t
y
 
i
s
 
s
e
n
t
.

2
.

A
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
h
a
s
 
a
 
n
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e

a
n
d
 
a
 
s
o
u
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
,
 
j
u
s
t
 
a
s
 
o
t
h
e
r

m
a
g
n
e
t
s
 
d
o
.

3
.

A
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
c
a
n
 
b
e
 
m
a
d
e
 
s
t
r
o
n
g
e
r
 
b
y

i
n
c
r
e
a
s
i
n
g
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
t
u
r
n
s
 
o
f
 
w
i
r
e

w
o
u
n
d
 
a
r
o
u
n
d
 
t
h
e
 
c
o
r
e
 
o
r
 
b
y
 
i
n
c
r
e
a
s
i
n
g

t
h
e
 
c
u
r
r
e
n
t
.

4
.

A
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
h
a
s
 
c
o
n
s
i
d
e
r
a
b
l
e
 
f
o
r
c
e

o
n
l
y
 
s
o
 
l
o
n
g
 
a
s
 
t
h
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
i
s

f
l
o
w
i
n
g
.

5
.

E
l
e
c
t
r
o
m
a
g
n
e
t
s
 
a
r
e
 
i
m
p
o
r
t
a
n
t
 
p
a
r
t
s
 
o
f

e
l
e
c
t
r
i
c
 
m
o
t
o
r
s
.

1
-
3
0

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
1
6
-
1
7
.

I
f
 
t
i
m
e

p
e
r
m
i
t
s
 
s
k
i
m
 
p
p
.
2
5
-
3
2
 
a
n
d
 
n
o
t
e
 
u
s
e
s

o
f
 
e
l
e
c
t
r
o
m
a
g
n
e
t
s
 
i
n
 
m
o
t
o
r
s
.

N
e
w
 
W
o
r
d
s
:

E
l
e
c
t
r
o
m
a
g
n
e
t

M
a
t
e
r
i
a
l
s
:

e
l
e
c
t
r
o
m
a
g
n
e
t
,
 
b
o
l
t
s
,

m
a
g
n
e
t
s
,
 
n
a
i
l
s
,
 
4
 
d
r
y
 
c
e
l
l
s
,
 
w
i
r
e
,

2
 
c
o
m
p
a
s
s
e
s

P
u
p
i
l
 
g
u
e
s
t
i
o
n
s
:

1
.
 
W
h
a
t
 
m
a
k
e
s
 
a
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
s
t
r
o
n
g
?

2
.
 
W
h
e
r
e
 
a
r
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
s
 
u
s
e
d

c
)

D
i
s
c
u
s
s
i
o
n
:

M
a
n
y
 
o
f
 
t
h
e
 
p
u
p
i
l
s
 
w
i
l
l
 
h
a
v
e
 
h
a
d
 
e
x
p
e
r
i
e
n
c
e
s
 
w
i
t
h
 
m
a
g
n
e
t
s

p
r
e
v
i
o
u
s
l
y
.

T
h
e
s
e
 
c
a
n
 
b
e
 
r
e
v
i
e
w
e
d
 
b
r
i
e
f
l
y
.

I
n
 
t
h
e
 
d
i
s
c
u
s
s
i
o
n
,
 
e
s
t
a
b
l
i
s
h

t
h
e
 
m
e
a
n
i
n
g
 
o
f
 
a
 
m
a
g
n
e
t
 
a
n
d
 
t
h
a
t
 
i
t
 
h
a
s
 
a
 
n
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
 
a
n
d
 
a

s
o
u
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
.

P
u
p
i
l
s
 
m
a
y
 
s
u
g
g
e
s
t
 
t
h
a
t
 
w
h
e
n
 
a
 
n
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e

i
s
 
b
r
o
u
g
h
t
 
c
l
o
s
e
 
t
o
 
t
h
e
 
n
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
 
o
f
 
t
h
e
 
c
o
m
p
a
s
s
,
 
t
h
e
 
c
o
m
p
a
s
s

n
e
e
d
l
e
 
w
i
l
l
 
b
e
 
r
e
p
e
l
l
e
d
.

T
w
o
 
c
o
m
p
a
s
s
e
s
 
m
a
y
 
b
e
 
u
s
e
d
 
t
o
 
e
s
t
a
b
l
i
s
h
 
t
h
e

g
e
n
e
r
a
l
i
z
a
t
i
o
n
 
t
h
a
t
 
t
w
o
 
n
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
s
 
r
e
p
e
l
 
a
n
d
 
o
p
p
o
s
i
t
e
 
p
o
l
e
s

o
f
 
t
h
e
 
m
a
g
n
e
t
s
 
a
t
t
r
a
c
t
 
o
n
e
 
a
n
o
t
h
e
r
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t
 
h
o
w
 
e
l
e
c
t
r
i
c
i
t
y
 
m
i
g
h
t
 
b
e
 
u
s
e
d
 
t
o
 
m
a
k
e
 
a

m
a
g
n
e
t
,

O
f
t
e
n
,
 
s
o
m
e
 
p
u
p
i
l
 
w
i
l
l
 
h
a
v
e
 
d
o
n
e
 
t
h
i
s
 
p
r
e
v
i
o
u
s
l
y
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n

t
c
 
t
h
e
 
t
h
r
e
e
 
i
n
g
r
e
d
i
e
n
t
s
 
f
o
r
 
a
n
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
-
-
-
 
i
r
o
n
,

i
n
s
u
l
a
t
e
d
 
w
i
r
e
,

e
l
e
c
t
r
i
c
i
t
y
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
l
o
s
e
s
 
m
o
s
t
 
o
f

i
t
s
 
s
t
r
e
n
g
t
h
 
w
h
e
n
 
t
h
e
 
e
l
e
c
t
r
i
c
i
t
y
 
i
s
 
r
e
m
o
v
e
d
.

T
h
e
y
 
s
h
o
u
l
d
 
a
l
s
o
 
r
e
c
o
g
n
i
z
e

t
h
a
t
 
i
n
c
r
e
a
s
i
n
g
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
t
u
r
n
s
 
f
r
o
m
 
2
5
 
t
o
 
7
5
 
e
n
a
b
l
e
s
 
t
h
e
e
l
e
c
t
r
o
m
a
g
n
e
t

t
o
 
p
i
c
k
 
u
p
 
m
a
n
y
 
m
o
r
e
 
n
a
i
l
s
.

*
A
c
t
i
v
i
t
i
e
s
:

U
s
e
 
t
h
e
 
m
a
g
n
e
t
 
i
n
 
t
h
e
 
k
i
t
 
t
o
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
a
t

i
t
 
a
t
t
r
a
c
t
s

s
m
a
l
l
 
i
r
o
n
 
n
a
i
l
s
 
a
n
d
 
o
t
h
e
r
 
i
r
o
n
 
o
b
j
e
c
t
s
.

I
n
t
r
o
d
u
c
e
 
a
 
c
o
m
p
a
s
s
 
t
o
 
i
d
e
n
t
i
f
y

N
o
r
t
h
 
a
n
d
 
t
o
 
d
e
m
o
n
s
t
r
a
t
e
 
t
h
a
t
 
l
i
k
e
 
p
o
l
e
s
 
r
e
p
e
l
 
o
n
e
 
a
n
o
t
h
e
r
.

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e

r
u
n
i
l
s
 
w
r
a
p
 
a
l
l
 
i
r
o
n
 
b
o
l
t
 
w
i
t
h
 
2
5
 
t
u
r
n
s
 
o
f
 
t
h
e
 
w
i
r
e
.

T
e
s
t
 
;
:
h
o
 
b
o
l
t
 
t
o
 
b
e

t
4
1

F
i
g
.
 
1
 
-
-
 
E
l
e
c
t
r
o
m
a
g
n
e
t

s
u
r
e
 
i
t
'
s
 
n
o
t
 
a
 
m
a
g
n
e
t
.

C
o
n
n
e
c
t
 
t
h
e
 
e
n
d
s
 
o
f
 
t
h
e
 
v
i
r
e
 
t
o
 
t
h
e

c
e
l
l
 
a
n
d

n
o
t
e
 
t
h
a
t
 
t
h
e
 
i
r
o
n
 
b
o
l
t
 
w
r
a
p
p
e
d

i
n
 
w
i
r
e
 
w
i
l
l
 
a
t
t
r
a
c
t
 
t
h
e
 
s
m
a
l
l
 
n
a
i
l
s

w
h
e
n
 
e
l
e
c
t
r
i
c
i
t
y
 
f
l
o
w
s
 
t
h
r
o
u
g
h
 
t
h
e
w
i
r
e
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
n
o
t
e
 
w
h
a
t

h
a
p
p
e
n
s
 
t
o
 
t
h
e
 
n
a
i
l
s
 
w
h
e
n
 
t
h
e

e
l
e
c
t
r
i
c
i
t
y
 
i
s
 
s
t
o
p
p
e
d
.

H
a
v
e
 
o
n
e
 
o
r

m
o
r
e
 
p
u
p
i
l
s
 
w
r
a
p
 
i
r
o
n
 
b
e
l
t
s
v
i
l
l
a
 
w
i
r
e
 
s
a
d
 
a
t
t
e
m
p
t
 
t
o
 
p
i
c
k
 
u
p
 
t
h
e

s
m
a
l
l

n
a
i
l
s
. E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
i
n
c
r
e
a
s
e
 
t
h
e
n
u
m
b
e
r
 
o
f
 
t
u
r
n
s
 
o
f
 
w
i
r
e
 
f
r
o
m
 
2
5

t
u
r
n
s
 
t
o
 
7
5
 
t
u
r
n
s
 
a
n
d
 
n
o
t
e
 
w
h
a
t

h
a
p
p
e
n
s
 
w
h
e
n
 
t
h
e
y
 
t
r
y
 
t
o
 
p
i
c
k
 
u
p
 
t
h
e

s
m
a
l
l
 
n
a
i
l
s
.

T
h
e
 
t
u
r
n
s
 
o
f
 
w
i
r
e
 
s
h
o
u
l
d
 
b
e
 
c
l
o
s
e

t
o
g
e
t
h
e
r
 
a
n
d
 
m
o
v
e
 
f
r
o
m

o
n
e
 
e
n
d
 
o
f
 
t
h
e
 
b
o
l
t
 
t
o

t
h
e
 
o
p
p
o
s
i
t
e
 
e
n
d
 
a
n
d
 
r
e
t
u
r
n
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
m
a
g
n
e
t
 
w
i
l
l
 
a
t
t
r
a
c
t
 
a
l
l
 
i
r
o
n
 
o
b
j
e
c
t
s
.

I
t
s

N
-
p
o
l
e
 
c
a
n
 
b
e
 
r
e
a
d
i
l
y
 
i
d
e
n
t
i
f
i
e
d
 
w
i
t
h

t
h
e
 
c
o
m
p
a
s
s
.

T
h
e
 
b
o
l
t
 
w
i
t
h
 
2
5

t
u
r
n
s
 
w
i
l
l
 
p
i
c
k
 
u
p
 
a
 
s
m
a
l
l
 
n
u
m
b
e
r
 
o
f
n
a
i
l
s
.

W
h
e
n
 
t
h
e
 
e
l
e
c
t
r
i
c
i
t
y

s
t
o
p
s
,
 
t
h
e
 
n
a
i
l
s
 
w
i
l
l
 
b
e
 
r
e
l
e
a
s
e
d
b
e
c
a
u
s
e
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
 
h
a
s

l
o
s
t
 
m
o
s
t
 
o
f
 
i
t
s
 
s
t
r
e
n
g
t
h
.

S
o
m
e
 
s
l
i
g
h
t
 
m
a
g
n
e
t
i
s
m
 
m
a
y
 
r
e
m
a
i
n
,
 
b
u
t

t
h
i
s
 
i
s
 
n
e
g
l
i
g
i
b
l
e
.

.
.

.
.

I
n
c
r
e
a
s
i
n
g
 
t
h
e
 
n
u
m
b
e
r
 
o
f
 
t
u
r
n
s
 
t
o
 
7
5
 
m
i
l
l

t
r
i
p
l
e
 
t
h
e
 
s
t
r
e
n
g
t
h

o
f
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
,
 
a
l
t
h
o
u
g
h
i
t
 
m
a
y
 
n
o
t
 
b
e
 
a
b
l
e
 
t
o
 
p
i
c
k
 
u
p

t
h
r
e
e

t
i
m
e
s
 
a
s
 
m
a
n
y
 
n
a
i
l
s
 
i
n
 
e
v
e
r
y
 
c
a
s
e
.

T
h
e
 
i
m
p
o
r
t
a
n
t
 
g
e
n
e
r
a
l
i
z
a
t
i
o
n
 
t
o

m
a
k
e
 
i
s
 
t
h
a
t
 
i
n
c
r
e
a
s
i
n
g
 
t
h
e
 
n
u
m
b
e
r
o
f
 
t
u
r
n
s
 
i
n
c
r
e
a
s
e
s
 
t
h
e
 
e
t
i
e
n
g
h
t

o
f
 
t
h
e
 
e
l
e
c
t
r
o
m
a
g
n
e
t
.

T
h
e
 
N
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
 
o
f
 
t
h
e

e
l
e
c
t
r
o
m
a
g
n
e
t
 
c
a
n
 
b
e
 
i
d
e
n
t
i
f
i
e
d

b
y
 
b
r
i
n
g
i
n
g
 
i
t
 
c
l
o
s
e
 
t
o
 
t
h
e
N
o
r
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
 
o
f
 
t
h
e
 
c
o
m
p
a
s
s
.
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-
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1

F
O
U
R
T
E
E
N
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D
A
Y
 
-
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G
E
N
E
R
A
L
I
Z
A
Z
I
G
N
S

C
L
A
S
S
 
A
C
T
T
V
E
T
T
E
S

1
.

A
 
m
a
g
n
e
t
i
c
 
f
i
e
l
d
 
a
r
o
u
n
d
 
a
 
w
i
r
e

i
s
 
c
r
e
a
t
e
d
 
b
y
 
s
e
n
d
i
n
g
 
a
 
c
u
r
r
e
n
t

o
f
 
e
l
e
c
t
r
i
c
i
t
y
 
t
h
r
o
u
g
h
 
t
h
e
 
w
i
r
e
.

C
U
A
L
R
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

F
e
w
 
W
o
r
d
s
:

m
a
g
n
e
t
i
c
 
f
i
e
l
d

M
a
t
e
r
i
a
l
s
:

w
i
r
e
,
 
c
e
l
l
s
,
 
m
a
g
n
e
t
s
,

c
o
m
p
a
s
s
e
s
,
 
n
a
i
l
s

P
u
p
i
l
 
q
u
e
s
t
i
o
n
s
:

1
.

D
o
 
a
l
l
 
m
a
g
n
e
t
s
 
h
a
v
e
 
m
a
g
n
e
t
i
c

f
i
e
l
d
?

2
.

C
a
n
 
I
 
s
e
e
 
t
h
e
 
m
a
g
n
e
t
i
c
 
f
i
e
l
d
?

D
i
s
c
u
s
s
i
o
n
:

A
s
k
 
p
u
p
i
l
s
 
t
o
 
o
f
f
e
r
 
t
h
e
i
r
 
e
x
p
l
a
n
a
t
i
o
n
s

o
f
 
t
h
e
 
m
e
a
n
i
n
g
 
o
f

"
m
a
g
n
e
t
i
c
 
f
i
e
l
d
.
"

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t
 
o
c
c
a
s
i
o
n
s
 
w
h
e
n
t
h
e
y
'
v
e

h
e
a
r
d
 
t
h
e
 
t
e
r
m
 
m
e
n
t
i
o
n
e
d
,
 
i
.
e
.

e
a
r
t
h
'
s
 
m
a
g
n
e
t
i
c
 
f
i
e
l
d
,
 
i
r
o
n
 
f
i
l
i
n
g
s

s
c
a
t
t
e
r
e
d
 
o
v
e
r
 
b
a
r
 
m
a
g
n
e
t
.

*
A
c
t
i
v
i
t
i
e
s
:

D
i
s
t
r
i
b
u
t
e
 
t
h
e
 
c
o
m
p
a
s
s
e
s
 
t
o
 
o
n
e
 
o
r
 
m
o
r
e
p
u
p
i
l
s
 
a
n
d
 
h
a
v
e

t
h
e
m
 
a
l
i
g
n
 
t
h
e
 
N
o
r
t
h
 
a
n
d

S
o
u
t
h
-
s
e
e
k
i
n
g
 
p
o
l
e
s
.

B
r
i
n
g
 
a
 
s
m
a
l
l
 
b
a
r
 
m
a
g
n
e
t

c
l
o
s
e
 
t
o
 
t
h
e
 
c
o
m
p
a
s
s
 
(
a
s
 
i
n
F
i
g
.
 
1
)
 
a
n
d
 
k
e
e
p
 
i
t
 
t
w
o
 
o
r
 
t
h
r
e
e

i
n
c
h
e
s
 
a
b
o
v
e

t
h
e
 
c
o
m
p
a
s
s
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
a
t
 
h
a
p
p
e
n
s

t
o
 
t
h
e
i
r
 
c
o
m
p
a
s
s
 
n
e
e
d
l
e

w
h
e
n
 
t
h
e
 
N
-
p
o
l
e
 
o
f
 
t
h
e
 
b
a
r
m
a
g
n
e
t
 
p
o
i
n
t
s
 
N
,
S
,
E
,
 
o
r
 
W
.

P
l
a
c
e
 
t
h
e
 
b
a
r
 
m
a
g
n
e
t
 
f
a
r
 
a
w
a
y
 
s
o

i
t
 
w
i
l
l
 
n
o
t
 
a
f
f
e
c
t
 
t
h
e
 
n
e
e
d
l
e
.

H
a
v
e

p
u
p
i
l
s
 
a
l
i
g
n
 
t
h
e
 
N
-
p
o
l
e
 
o
f

t
h
e
 
c
o
m
p
a
s
s
 
a
g
a
i
n
.

H
a
v
e
 
p
u
p
i
l
s
 
p
l
a
c
e
 
a
 
w
i
r
e

o
v
e
r
 
t
h
e
 
t
o
p
 
o
f
 
t
h
e
i
r
 
c
o
m
p
a
s
s

i
n
 
a
 
N
o
r
t
h
-
S
o
u
t
h
 
d
i
r
e
c
t
i
o
n

(
F
i
g
.
 
2
A
)
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
t
o
u
c
h
 
t
h
e

e
n
d
s
 
o
f
 
t
h
e
 
w
i
r
e
 
t
o
 
t
h
e
 
t
e
r
m
i
n
a
l
s
o
f
 
t
h
e
i
r
 
f
l
a
s
h
-

l
i
g
h
t
 
c
e
l
l
 
(
F
i
g
.
 
2
B
)
 
a
n
d
 
t
e
l
l

w
h
a
t
 
h
a
p
p
e
n
e
d
.

A
f
t
e
r
 
r
e
p
e
a
t
e
d
 
t
r
i
a
l
s

e
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o

g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
 
t
h
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
p
a
s
s
i
n
g
 
t
h
r
o
u
g
h

t
h
e
 
w
i
r
e
 
c
r
e
a
t
e
d
 
a
 
m
a
g
n
e
t
.

A
f
t
e
r
 
n
o
t
i
n
g
 
w
h
i
c
h
 
d
i
r
e
c
t
i
o
n
 
t
h
e
N
o
r
t
h
-
s
e
e
k
i
n
g

p
o
l
e
 
o
f
 
t
h
e
 
c
o
m
p
a
s
s
 
t
r
a
v
e
l
e
d
w
h
e
n
 
e
l
e
c
t
r
i
c
i
t
y
 
w
a
s
 
f
l
o
w
i
n
g
,

h
a
v
e
 
p
u
p
i
l
s

a
t
t
a
c
h
 
t
h
e
 
w
i
r
e
s
 
t
o
 
t
h
e
 
o
p
p
o
s
i
t
e

t
e
r
m
i
n
a
l
s
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
p
o
l
e
s
 
o
f
 
t
h
e
 
b
a
r
 
m
a
n
g
e
r
-
 
w
i
l
l
 
a
t
t
r
a
c
t
t
h
e
 
o
p
p
o
s
i
t
e

p
o
l
e
s
 
o
f
 
t
h
e
 
c
o
m
p
a
s
s
.

W
h
e
n
 
t
h
e
 
N
-
p
o
2
g
 
o
f
 
t
h
e
 
b
a
r
 
m
a
g
n
e
t
 
p
o
l
n
t
s

W
e
s
t
,
 
t
h
e

S
o
u
t
h
-
O
o
l
e
 
o
f
 
t
h
e
 
c
o
m
p
a
s
s
 
w
i
l
l
 
p
o
i
n
t
 
W
e
s
t
.

F
i
g
.
 
1
 
-
-
 
O
p
p
o
s
i
t
e
 
P
o
l
e
s
 
o
f
 
M
a
g
n
e
t
s
 
A
t
t
r
a
c
t

W
h
e
n
 
t
'
-
e
 
e
l
e
c
t
r
i
c
 
c
u
r
r
e
n
t
 
p
a
s
s
e
s
 
t
h
r
o
u
g
h
 
t
h
e
 
w
i
r
e
,
 
a
 
m
a
g
r
s
t
i
c

f
i
e
l
d
 
1
.
.
3
 
c
r
e
a
t
e
d
 
a
r
o
u
n
d
 
t
h
e
 
w
i
r
e
.

T
h
i
s
 
c
a
u
s
e
s
 
t
h
e
 
c
o
m
p
a
s
s

n
e
e
d
l
e
 
t
o
 
b
e
 
d
e
f
l
e
c
t
e
d
 
a
t
 
r
i
g
h
t
 
a
n
g
l
e
 
t
o
 
t
h
e
 
w
i
r
e
.

I
f
 
t
h
e
 
w
i
r
e

i
s
 
c
o
n
n
e
c
t
e
d
 
s
o
 
t
h
a
t
 
e
l
e
c
t
r
i
c
i
t
y
 
f
l
o
w
s
 
f
r
o
m
 
S
-
p
o
l
e
 
t
o
N
-
p
o
l
e
,

t
h
e
n
 
t
h
e
 
c
o
m
p
a
s
s
'
s
 
N
o
r
t
h
-
s
o
l
e
 
w
i
l
l
 
p
o
i
n
t
 
W
e
s
t
 
w
h
e
n
e
l
e
c
t
r
i
c
i
t
y

i
s
 
f
l
o
w
i
n
g
 
t
h
r
o
u
g
h
 
t
h
e
 
w
i
r
e
.

T
h
e
 
c
o
m
p
a
s
s
 
n
e
e
d
l
e
 
r
e
v
e
r
s
e
s
 
i
t
s

d
i
r
e
c
t
i
o
n
 
w
h
e
n
 
t
h
e
 
c
o
n
n
e
c
t
i
o
n
s
 
t
o
 
t
h
e
 
c
e
l
l
 
t
e
r
m
i
n
a
l
s
 
a
r
e

r
e
v
e
r
s
e
d
.

A
.

F
i
g
.
 
2
 
-
-
 
B
e
f
o
r
e
 
E
l
e
c
t
r
i
c
i
t
y
 
F
l
o
w
s
 
T
h
r
o
u
g
h
 
W
i
r
e
 
(
A
)

A
f
t
e
r
 
E
l
e
c
t
r
i
c
i
t
y
 
F
l
o
w
s
 
T
h
r
o
u
g
h
 
W
i
r
e
 
(
B
)
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1
-
3
3

M
U
M
=
 
I
N
C
L
U
D
E
D
 
I
N
 
K
I
T
 
F
M

E
L

E
C

T
R

IC
IT

Y
 U

N
IT

n

8
 
f
l
a
s
h
l
i
g
h
t
 
c
e
l
l
s

2
 
d
r
y
 
c
e
l
l
s

1
0
 
f
l
a
s
h
l
i
g
h
t
 
b
u
l
b
s

1
 
p
a
c
k
a
g
e
 
o
f
 
b
a
l
l
o
o
n
s

1
0
0
'
 
w
i
r
e

6
"
 
n
i
c
h
r
o
m
e
 
w
i
r
e

2
5
'
 
r
o
l
l
 
a
l
u
m
i
n
u
m
 
w
i
r
e

1
0
 
g
l
o
w
 
l
a
m
p
s

h
b
o
l
t
s

1
 
w
o
o
l
 
c
l
o
t
h

1
 
m
o
t
o
r
 
(
1
-
1
/
2
 
v
.
 
D
.
C
.
)

1
0
'
 
t
h
r
e
a
d

1
0
 
c
o
m
p
a
s
s
e
s

2
 
c
o
m
b
s

3
5
 
t
e
x
t
b
o
o
k
s
:
 
B
e
r
t
h
a
 
M
.
 
P
a
r
k
e
r
,
 
E
l
e
c
t
r
i
c
i
t
y
,

H
a
r
p
e
r
 
a
n
d
 
R
o
w
,
 
P
e
t
e
r
s
o
n
,
 
E
v
a
n
s
t
o
n
,

1
1
1
.
,

1
9
6
3
,
 
3
6
 
p
a
g
e
s
.

8
s
c
r
e
w
d
r
i
v
e
r
s

3
 
f
i
l
m
s
t
r
i
p
s

1
 
e
l
e
c
t
r
i
c
i
t
y
 
b
o
a
r
d

I
m
a
g
n
e
t
 
(
f
l
e
x
i
b
l
e
)

1
 
e
a
r
p
h
o
n
e

a
l
u
m
i
n
u
m
 
f
o
i
l

t
i
n
k
e
r
 
t
o
y
s

b
o
l
t
s
 
a
n
d
 
n
a
i
l
s



X
-
3
4

U
N
I
T
 
P
L
A
N
 
O
F
 
I
N
S
T
R
U
C
T
I
C
N
 
O
N
 
T
O
P
I
C
 
O
F
 
H
E
A
T B
Y
:

G
a
r
y
 
R
.
 
S
m
i
t
h

A
s
s
o
c
i
a
t
e
 
P
r
o
f
e
s
s
o
r

C
o
l
l
e
g
e
 
o
f
 
E
d
u
c
a
t
i
o
n

W
a
y
n
e
 
S
t
a
t
e
 
U
n
i
v
e
r
s
i
t
y

C
o
o
p
e
r
a
t
i
v
e
 
R
e
s
e
a
r
c
h
 
P
r
o
j
e
c
t
 
0
4
0
9

3/
66



1
-
3
5

S
U
G
G
E
S
T
I
O
N
S
 
F
O
R
 
T
E
A
C
H
I
N
G
 
U
N
I
T

1
.

B
e
g
i
n
 
e
a
c
h
 
d
a
y
 
w
i
t
h
 
a
 
q
u
e
s
t
i
o
n
,

i
l
l
u
s
t
r
a
t
i
o
n
,
 
o
r
 
a
c
t
i
v
i
t
y

w
h
i
c
h
 
w
i
l
l
 
c
a
p
t
u
r
e
 
t
h
e
 
i
n
t
e
r
e
s
t
s
 
o
f
 
t
h
e

p
u
p
i
l
s
.

W
h
e
n
e
v
e
r

p
o
s
s
i
b
l
e
 
u
t
i
l
i
z
e
 
q
u
e
s
t
i
o
n
s
 
o
r
 
o
b
j
e
c
t
s

b
r
o
u
g
h
t
 
t
o
 
c
l
a
s
s
 
b
y

y
o
u
r
 
p
u
p
i
l
s
.

2
.

E
l
i
c
i
t
 
p
o
s
s
i
b
l
e
 
e
x
p
l
a
n
a
t
i
o
n
s
 
o
r
 
a
n
s
w
e
r
s

f
r
o
m
 
s
e
v
e
r
a
l
 
p
u
p
i
l
s
.

D
o
n
'
t
 
t
e
l
l
 
a
n
s
w
e
r
s
 
i
m
m
e
d
i
a
t
e
l
y
.

A
s
k
 
a
 
c
h
i
l
d
 
t
o
 
e
x
p
l
a
i
n
,

i
l
l
u
s
t
r
a
t
e
 
o
r
 
g
i
v
e
 
r
e
a
s
o
n
s
 
f
o
r
 
a
c
c
e
p
t
i
n
g
 
a

p
a
r
t
i
c
u
l
a
r
 
a
n
s
w
e
r
.

*
-
4

3
.

G
u
i
d
e
d
 
b
y
 
y
o
u
r
 
j
u
d
g
m
e
n
t
 
a
n
d
 
t
h
e
 
t
e
a
c
h
i
n
g

c
i
r
c
u
m
s
t
a
n
c
e
s
,
 
g
i
v
e

a
s
 
m
a
n
y
 
p
u
p
i
l
s
 
a
s
 
p
o
s
s
i
b
l
e
 
a
n

o
p
p
o
r
t
u
n
i
t
y
 
t
o
 
d
o
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s
.

4
.

U
s
e
 
t
h
e
 
s
c
i
e
n
c
e
 
t
e
x
t
b
o
o
k
s
 
t
o
 
e
x
p
a
n
d
 
t
h
e
i
r
 
u
n
d
e
r
s
t
a
n
d
i
n
g

o
f
 
t
h
e

i
d
e
a
s
 
i
n
t
r
o
d
u
c
e
d
 
i
n
 
c
l
a
s
s
.

T
h
e
 
a
p
p
r
o
p
r
i
a
t
e
 
t
e
x
t
 
m
a
t
e
r
i
a
l
 
i
s

t
o
 
b
e
 
r
e
a
d
 
s
i
l
e
n
t
l
y
 
a
n
d
 
t
h
e
n

a
l
o
u
d
.

5
.

T
h
e
 
c
o
n
c
e
p
t
s
 
p
r
e
s
e
n
t
e
d
 
i
n
 
C
o
l
u
m
n
#
1
 
a
r
e
 
i
n
t
e
n
d
e
d
 
f
o
r
 
t
h
e

t
e
a
c
h
e
r
'
s
 
g
u
i
d
a
n
c
e
.

T
h
e
y
 
a
r
e
 
n
o
t
 
t
o
 
b
e

c
o
p
i
e
d
 
b
y
 
t
h
e
 
c
h
i
l
d
r
e
n

a
s
 
s
o
m
e
t
h
i
n
g
 
t
o
m
e
m
o
r
i
z
e
.

I
t
 
i
s
 
h
o
p
e
d
 
t
h
a
t

t
h
e
 
p
u
p
i
l
s
 
w
i
l
l

b
e
g
i
n
 
t
o
 
m
a
k
e

k
A
m
i
l
a
r
 
g
e
n
e
r
a
l
i
z
a
t
i
o
n
s

a
s
 
a
 
r
e
s
u
l
t

o
f
 
t
h
e

a
c
t
i
v
i
t
i
e
s
,
 
t
h
e
 
c
l
a
s
s
 
d
i
s
c
u
s
s
i
o
n
s
 
a
n
d
 
t
h
e
i
r
 
r
e
a
d
i
n
g
.

E
n
c
o
u
r
a
g
e

y
o
u
r
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
;
 
b
u
t
 
a
l
s
o
 
u
r
g
e
t
h
e
m
 
t
o
 
u
s
e
 
t
h
e

v
o
c
a
b
u
l
a
r
y
 
a
n
d
 
e
x
p
r
e
s
s
i
o
n
s
 
w
h
i
c
h
 
a
r
e
 
m
e
a
n
i
n
g
f
u
l
 
t
o
 
t
h
e
m
.

6
.

I
f
 
c
i
r
c
u
m
s
t
a
n
c
e
s
 
p
e
r
m
i
t
,
 
p
l
a
c
e
 
a
p
p
a
r
a
t
u
s
 
i
n
 
a
 
s
c
i
e
n
c
e

c
o
r
n
e
r
 
w
h
e
r
e
 
c
h
i
l
d
r
e
n
 
m
a
y
 
r
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
i
e
s

d
u
r
i
n
g
 
t
h
e
i
r

f
r
e
e
 
t
i
m
e
.

7
.

T
h
e
 
c
h
a
l
k
b
o
a
r
d
 
i
l
l
u
s
t
r
a
t
i
o
n
s
 
m
a
y
 
b
e
 
s
k
e
t
c
h
e
d
 
o
n
 
l
a
r
g
e

n
e
w
s
p
r
i
n
t
 
o
r
 
a
t
 
t
h
e
 
b
o
a
d
d
.

8
.

D
o
n
'
t
 
t
r
y
 
t
o
 
m
a
k
e
 
y
o
u
r
 
p
u
p
i
l
s
 
"
H
e
a
t
 
E
n
e
r
g
y
 
E
x
p
e
r
t
s
.
"

H
e
l
p

t
h
e
m
 
t
o
 
c
o
n
c
l
u
d
e
 
t
h
e
i
r
 
s
t
u
d
y
 
w
i
t
h
 
a
 
f
e
e
l
i
n
g
 
t
h
a
t

t
h
e
y
'
v
e

l
e
a
r
n
e
d
 
a
 
g
r
e
a
t
 
d
e
a
l
 
a
b
o
u
t
 
h
e
a
t
 
e
n
e
r
g
y
.

T
h
e
y
'
v
e
 
l
e
a
r
n
e
d
 
t
h
e

e
x
p
l
a
n
a
t
i
o
n
s
 
f
o
r
 
m
a
n
y
 
t
h
L
n
g
s
 
w
h
i
c
h
 
t
h
e
y
 
p
r
e
v
i
o
u
s
l
y
 
h
a
d
 
t
a
k
e
n

f
o
r
 
g
r
a
n
t
e
d
.

H
o
w
e
v
e
r
,
 
t
h
o
r
e
 
a
r
e
 
s
t
i
l
l
 
m
a
n
y
 
t
h
i
n
g
s
 
w
h
i
c
h

t
h
e
y
 
d
o
n
'
t
 
k
n
o
w
 
a
b
o
u
t
 
h
e
a
t
 
e
n
e
r
g
y
.

H
e
l
p
 
t
h
e
m
 
t
o
 
c
l
o
s
e

t
h
e
 
u
n
i
t
 
w
i
t
h
 
a
n
 
i
n
t
e
r
e
s
t
 
i
n
 
c
o
n
t
i
n
u
i
n
g

t
h
e
 
s
t
u
d
y
 
o
f
 
h
e
a
t
 
e
n
e
r
g
y
.



F
I
R
S
T
 
D
A
Y
 
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
.

T
h
e
 
s
u
n
 
t
r
a
n
s
f
e
r
s
 
a
 
g
r
e
a
t
 
d
e
a
l
 
o
f

h
e
a
t
 
e
n
e
r
g
y
 
t
o
 
e
a
r
t
h
.

2
.

C
h
e
m
i
c
a
l
.
 
c
h
a
n
g
e
s
,
 
e
l
e
c
t
r
i
c
i
t
y
 
a
n
d

f
r
i
c
t
i
o
n
 
a
r
e
 
c
o
m
m
o
n
 
s
o
u
r
c
e
s
 
o
f
 
h
e
a
t
.

3
.

H
e
a
t
 
e
n
e
r
g
y
 
m
a
y
 
b
e
 
c
h
a
n
g
e
d
 
t
o
 
o
t
h
e
r

f
o
r
m
s
 
o
f
 
e
n
e
r
g
y
 
a
e
c
h
 
a
s
 
l
i
g
h
t
,

c
h
e
m
i
c
a
l
,
 
e
l
e
c
t
r
i
c
a
l
,
 
m
e
c
h
a
n
i
c
a
l

e
n
e
r
g
y
.

4
.

H
e
a
t
 
e
n
e
r
g
y
 
i
s
 
t
h
e
 
e
n
e
r
g
y
 
w
h
i
c
h

m
o
v
i
n
g
 
m
o
l
e
c
u
l
e
s
 
a
r
e
 
a
b
l
e
 
t
o

t
r
a
n
s
f
e
r
.

1
-
3
6

r.
ta

ss
 A

C
T

T
V

T
T

T
IZ

SI
_

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
5
-
7
 
a
n
d
 
p
p
.
 
1
2
-
1
8

s
i
l
e
n
t
l
y
 
a
n
d
 
a
l
o
u
d
.

D
i
s
c
u
s
s
 
p
i
c
t
u
r
e
s
.

N
e
w
 
W
o
r
d
s
:

H
e
a
t
 
e
n
e
r
g
y
,
 
t
r
a
n
s
f
e
r
s
,

m
o
l
e
c
u
l
e
s
,
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e

M
a
t
e
r
i
a
l
s
:

m
a
t
c
h
e
s
,
 
d
r
y
 
c
e
l
l
 
&

n
i
c
h
r
o
m
e
 
w
i
r
e
,
 
w
a
t
e
r
,
 
l
i
g
h
t
 
b
u
l
b

a
n
d
 
s
o
c
k
e
t
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
 
i
s
 
h
e
a
t
?

2
.

W
h
e
r
e
 
d
o
 
w
e
 
g
e
t
 
h
a
a
t
?

.
C
H
A
I
R
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

40
0

F
i
g
.
 
1

S
o
u
r
c
e
s
 
o
f
 
h
e
a
t
 
e
n
e
r
g
y
.

D
i
s
c
u
s
s
i
o
n
:

I
n
i
t
i
a
t
e
 
d
i
s
c
u
s
s
i
o
n
 
b
y
 
a
s
k
i
n
g
 
p
u
p
i
l
s
 
M
h
a
t
 
t
h
e
y
 
b
e
l
i
e
v
e
 
h
e
a
t

i
s
.

A
c
c
e
p
t
 
t
h
e
i
r
 
s
u
4
g
e
s
t
i
o
n
s
.

T
h
e
n
 
m
a
k
e
 
a
 
l
i
s
t
 
o
f
 
s
o
m
e
 
e
x
a
m
p
l
e
s
 
o
f
 
h
e
a
t

a
t
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
 
(
S
e
e
 
T
a
b
l
e
 
1
 
a
t
 
r
i
g
h
t
)
.

A
f
t
e
r
 
s
e
v
e
r
a
l
 
e
x
a
m
p
l
e
s
 
o
f
 
h
e
a
t

h
a
v
e
 
b
e
e
n
 
l
i
s
t
e
d
,
 
e
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t
 
h
o
w
 
h
e
a
t
 
w
a
s

p
r
o
d
u
c
e
d
 
i
n

P
"

e
a
c
h
 
i
n
s
t
a
n
c
e
.

P
a
g
e
s
 
1
2
-
1
8
 
i
n
 
t
h
e
 
t
e
x
t
b
o
o
k
 
w
i
l
l
 
h
e
l
p
 
p
u
p
i
l
s
 
r
e
c
o
g
n
i
z
e

t
h
a
t
 
e
n
e
r
g
y
 
m
a
y
 
c
h
a
n
g
e
 
i
t
s
 
f
o
r
m
.

A
c
t
i
v
i
t
i
e
s
:
 
H
a
v
e
 
p
u
p
i
l
s
 
r
u
b
 
t
h
e
i
r
 
h
a
n
d
s
 
t
o
g
h
t
h
e
r
 
a
n
d
 
n
o
t
e
 
t
h
e
 
f
r
i
c
t
i
o
n

p
r
o
d
u
c
e
s
 
h
e
a
t
.

T
a
k
e
 
a
 
m
a
t
c
h
 
f
r
o
m
 
t
h
e
 
k
i
t
 
a
n
d
 
r
u
b
 
i
t
 
q
u
i
c
k
l
y
 
a
c
r
o
s
s
 
s
o
m
e

r
o
u
g
h
 
s
u
r
f
a
c
e
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
t
h
e
 
m
a
t
c
h
 
l
i
g
h
t
e
d
 
a
n
d
 
w
h
a
t

k
i
n
d
 
o
f
 
e
n
e
r
g
y
 
w
a
s
 
b
e
i
n
g
 
c
o
n
v
e
r
t
e
d
 
t
o
 
h
e
a
t
 
e
n
e
r
g
y
 
i
n
 
t
h
e
 
f
l
a
m
e
.

I
l
l
u
s
t
r
a
t
e

t
h
e
 
c
h
a
n
g
e
 
o
f
 
e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
t
o
 
h
e
a
t
 
b
y
 
l
i
g
h
t
i
n
g
 
t
h
e
 
l
i
g
h
t
 
b
u
l
b
 
a
n
d

n
o
t
i
n
g
 
t
h
e
 
w
h
i
t
e
 
h
o
t
 
f
i
l
a
m
e
n
t
.

I
f
 
t
i
m
e
 
p
e
r
m
i
t
s
 
c
o
n
n
e
c
t
 
a
 
b
a
r
e
 
w
i
r
e
 
t
o
 
t
h
e

t
e
r
m
i
n
a
l
s
 
o
f
 
a
 
d
r
y
 
c
e
l
l
 
a
n
d
 
l
e
t
 
p
u
p
i
l
e
 
s
e
e
 
t
h
e
 
w
i
r
e
 
g
l
o
w
 
f
r
o
m
 
t
h
e
 
h
e
a
t

c
r
e
a
t
e
d
 
b
y
 
t
h
e
 
f
l
o
w
i
n
g
 
e
l
e
c
t
r
o
n
s
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

M
o
s
t
 
p
u
p
i
l
s
 
w
i
l
l
 
r
e
c
a
l
l
 
f
r
o
m
 
p
r
e
v
i
o
u
s
 
s
t
u
d
y
 
t
h
a
t
 
h
e
a
t

w
a
s
 
p
r
o
d
u
c
e
d
 
b
y
 
f
r
i
c
t
i
o
n
 
w
h
e
n
 
t
h
e
y
 
r
u
b
b
e
d
 
t
h
e
i
r
 
h
a
n
d
s
 
t
o
g
e
t
h
e
r
.

R
u
b
b
i
n
g
 
t
h
e

m
a
t
c
h
 
o
n
 
a
 
r
o
u
g
h
 
s
u
r
f
a
c
e
 
c
r
e
a
t
e
s
 
e
n
o
u
g
h
 
h
e
a
t
 
t
o
 
i
g
n
i
t
e
 
t
h
e
 
p
h
o
s
p
h
o
r
o
u
s
 
i
n

t
h
e
 
m
a
t
c
h
.

T
h
e
 
r
e
s
u
l
t
i
n
g
 
c
h
e
m
i
c
a
l
 
c
h
a
n
g
e
 
p
r
o
d
u
c
e
s
 
e
n
o
u
g
h
 
i
n
t
e
n
s
e
 
h
e
a
t
 
t
o
 
s
t
a
r
t

t
h
e
 
w
o
o
d
 
b
u
r
n
i
n
g
.

T
h
i
s
 
i
s
 
m
e
c
h
a
n
i
c
a
l
 
e
n
e
r
g
y
 
(
f
r
i
c
t
i
o
n
)
 
p
r
o
d
u
c
i
n
g
 
a
 
c
h
e
m
i
c
a
l

c
h
a
n
g
e
 
(
c
h
e
m
i
c
a
l
 
e
n
e
r
g
y
)
 
w
h
i
c
h
 
i
n
 
t
u
r
n
 
y
i
e
l
d
s
 
h
e
a
t
 
e
n
e
r
g
y
.

H
o
w
e
v
e
r
,
 
r
u
b
b
i
n
g

t
h
e
 
m
a
t
c
h
 
o
n
 
a
 
s
m
o
o
t
h
 
s
u
r
f
a
c
e
 
w
o
u
l
d
 
p
r
o
d
u
c
e
 
l
e
e
s
 
f
r
i
c
t
i
o
n
 
a
n
d
 
l
e
s
s

h
e
a
t
.

O
r
d
i
n
a
r
i
l
y
,
 
t
h
e
 
a
m
o
u
n
t
 
o
f
 
h
e
a
t
 
w
o
u
l
d
 
n
o
t
 
b
e
 
e
n
o
u
g
h
 
t
o
 
i
g
n
i
t
e
 
t
h
e

p
h
o
s
p
h
o
r
o
u
s
.

E
l
e
c
t
r
o
n
s
 
p
a
s
s
i
n
g
 
t
h
r
o
u
g
h
 
t
h
e
 
w
i
r
e
 
c
r
e
a
t
e
 
i
n
t
e
n
s
e
 
h
e
a
t

w
h
i
c
h
 
c
a
u
s
e
s
 
t
h
e
 
w
i
r
e

t
o
 
g
i
v
e
 
l
i
g
h
t
.

T
a
b
l
e
 
1

E
v
e
n
t
s
 
W
h
i
c
h
 
P
r
o
d
u
c
e
 
H
e
a
t
.

1

E
x
a
m
p
l
e

s
u
n
 
s
h
i
n
i
n
g

l
i
g
h
t
e
d
 
m
a
t
c
h

e
x
p
l
o
s
i
o
n
s

g
a
s
 
6
 
o
i
l
 
f
i
r
e
s

e
l
e
c
t
r
i
c
 
l
a
m
p
s
 
s
h
i
n
i
n
g

t
o
a
s
t
e
r
 
i
n
 
u
s
e

f
r
i
c
t
i
o
n
 
b
e
t
w
e
e
n
 
h
a
n
d
s

S
o
u
r
c
e
 
o
f
 
E
n
e
r
g
y

c
h
e
m
i
c
a
l
 
e
n
e
r
g
y

c
h
e
m
i
c
a
l
 
e
n
e
r
g
y

c
h
e
m
i
c
a
l
 
e
n
e
r
g
y

c
h
e
m
i
c
a
l
 
e
n
e
r
g
y

e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
1

e
l
e
c
t
r
i
c
a
l
 
e
n
e
r
g
y
 
i

m
e
c
h
a
n
i
c
a
l
 
e
n
e
r
g
y

1



S
E
C
O
N
D
 
A
N
D
 
T
H
I
R
D
 
D
A
Y
 
-
-

N
S

1
-
3
7

1
.

M
a
t
t
e
r
 
e
x
i
s
t
s
 
i
n
 
t
h
r
e
e
 
s
t
a
t
e
s
:

s
o
l
i
d
s
,

l
i
q
i
i
d
,
 
g
a
s
.

2
.

M
a
t
e
r
 
i
s
 
m
a
d
e
 
u
p
 
o
f
 
a
t
o
m
s
 
w
h
i
c
h
 
c
o
m
b
i
n
e

t
o
 
f
o
r
m
 
m
o
l
e
c
u
l
e
s
.

3
.

M
o
l
e
c
u
l
e
s
 
s
p
i
n
 
a
n
d
 
m
o
v
e
 
v
e
r
y
 
f
a
s
t
.

4
.

I
n
 
a
 
s
o
l
i
d
,
 
m
o
l
e
c
u
l
e
s
 
a
r
e
 
l
o
c
k
e
d
 
t
i
g
h
t
l
y

t
o
g
e
t
h
e
r
 
b
y
 
m
u
t
u
a
l
 
a
t
t
r
a
c
t
i
o
n
.

5
.

I
n
 
a
 
l
i
q
u
i
d
,
 
m
o
l
e
c
u
l
a
r
 
a
t
t
r
a
c
t
i
o
n
 
i
s

r
e
d
u
c
e
d
 
a
n
d
 
m
o
l
e
c
u
l
e
s
 
f
l
o
w
 
p
a
s
t
 
o
n
e

a
n
o
t
h
e
r
.

6
.

I
n
 
a
 
g
a
s
,
 
m
o
l
e
c
u
l
a
r
 
a
t
t
r
a
c
t
i
o
n
 
i
s
 
v
e
r
y

w
e
a
k
 
a
n
d
 
m
o
l
e
c
u
l
e
s
 
m
o
v
e
 
f
r
e
e
l
y
 
a
n
d
 
r
a
p
i
d
l
y
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
8
-
1
1
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

m
a
t
t
e
r
,
 
g
a
s
,
 
a
t
o
m
s
,

a
t
t
r
a
c
t
i
o
n

M
a
t
e
r
i
a
l
s
:

c
a
n
d
l
e
,
 
b
e
a
k
e
r
,
 
w
a
t
e
r
,

2
 
p
l
a
s
t
i
c
 
b
a
g
s
,
 
i
c
e
,
 
c
l
o
t
h
,
 
h
o
t

p
l
a
t
e
,
 
m
o
t
h
 
b
a
l
l
s
,
 
a
m
m
o
n
i
a
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
 
i
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n

a
 
s
o
l
i
d
,
 
l
i
q
u
i
d
,
 
g
a
s
?

2
.

W
h
y
 
c
a
n
 
I
 
s
m
e
l
l
 
a
 
m
o
t
h
 
b
a
l
l
?

D
i
s
c
u
s
s
i
o
n
:

R
e
v
i
e
w
 
b
r
i
e
f
l
y
 
t
h
e
 
e
a
r
l
i
e
r
 
d
i
s
c
u
s
s
i
o
n
s
 
t
h
a
t
 
a
l
l
 
m
a
t
t
e
r
 
i
s
 
m
a
d
e

o
f
 
a
t
o
m
s
 
w
h
i
c
h
 
c
o
m
b
i
n
e
 
t
o
 
f
o
r
m
 
m
o
l
e
c
u
l
e
s
.

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t

z
-
a
n
o
t
h
e
r
 
w
a
y
 
t
o
 
c
l
a
s
s
i
f
y
 
o
b
j
e
c
t
s
 
i
s
 
t
o
 
t
h
i
n
k
 
o
f
 
t
h
e
m
 
a
s
 
s
o
l
i
d
s
,
 
l
i
q
u
i
d
s
,
 
o
r

u
'
 
g
a
s
e
s
.

D
u
r
i
n
g
 
t
h
e
 
d
i
s
c
u
s
s
i
o
n
,
 
m
a
k
e
 
a
 
l
i
s
t
 
a
t
 
t
h
e
 
c
h
a
l
k
b
o
a
r
d
 
o
f
 
t
h
e
 
d
i
f
f
e
r
e
n
t

o
b
j
e
c
t
s
 
w
h
i
c
h
 
w
o
u
l
d
 
r
o
u
g
h
l
y
 
b
e
 
c
l
a
s
s
i
f
i
e
d
 
a
s
 
s
o
l
i
d
,
 
l
i
q
u
i
d
 
o
r
 
g
a
s
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
g
e
n
e
r
a
l
i
z
e
 
t
h
a
t
 
s
o
l
i
d
s
 
a
s
 
w
e
l
l
 
a
s
 
l
i
q
u
i
d
s
 
m
a
y
 
b
e

c
o
l
o
r
e
d
,
 
o
c
c
u
p
y
 
s
p
a
c
e
,
 
a
n
d
 
m
a
y
 
b
e
 
w
e
i
g
h
e
d
.

A
l
t
h
o
u
g
h
 
s
o
l
i
d
s
 
r
e
t
a
i
n
 
t
h
e
i
r
 
s
h
a
p
e

l
i
q
u
i
d
s
 
r
e
a
d
i
l
y
 
c
h
a
n
g
e
 
t
h
e
i
r
 
s
h
a
p
e
.

R
e
m
i
n
d
 
p
u
p
i
l
s
 
t
h
a
t
 
a
 
b
o
o
k
 
r
e
t
a
i
n
s
 
i
t
s

s
h
a
p
e
 
w
h
e
n
 
p
l
a
c
e
d
 
o
n
 
a
 
t
a
b
l
e
 
o
r
 
i
n
 
a
 
p
l
a
s
t
i
c
 
b
a
g
.

H
a
v
e
 
p
u
p
i
l
s
 
n
o
t
e
 
t
h
a
t
 
w
h
e
n

w
a
t
e
r
 
i
s
 
p
o
u
r
e
d
 
i
n
t
o
 
t
h
e
 
b
a
g
 
o
r
 
o
n
t
o
 
t
h
e
 
t
a
b
l
e
,
 
i
t
 
t
a
k
e
s
 
t
h
e
 
s
h
a
p
e
 
o
f
 
t
h
e

o
b
j
e
c
t
 
w
h
i
c
h
 
i
t
 
e
n
c
o
u
n
t
e
r
s
.

I
n
 
l
i
q
u
i
d
s
 
a
n
d
 
g
a
s
e
s
,
 
t
h
e
 
m
o
l
e
c
u
l
e
s
 
a
r
e
 
f
a
r

e
n
o
u
g
h
 
t
o
 
f
l
o
w
 
p
a
s
t
 
o
n
e
 
a
n
o
t
h
e
r
.

A
c
t
i
v
i
t
i
e
s
:

C
o
l
l
e
c
t
 
s
o
m
e
 
a
i
r
 
i
n
t
o
 
o
n
e
 
o
f
 
t
h
e
 
p
l
a
s
t
i
c
 
b
a
g
s
 
a
n
d
 
c
l
o
s
e

t
h
e
 
o
p
e
n
 
e
n
d
 
o
f
 
t
h
e
 
b
a
g
.

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
f
e
e
l
 
t
h
e
 
b
a
g
 
o
f
 
a
i
r
.

T
r
a
n
s
f
e
r
 
t
h
e
 
a
i
r
 
f
r
o
m
 
o
n
e
 
b
a
g
 
t
o
 
t
h
e
 
o
t
h
e
r
 
i
n
 
o
r
d
e
r
 
t
o
 
c
o
n
v
i
n
c
e
 
p
u
p
i
l
s
 
t
h
a
t

a
i
r
 
a
n
d
 
m
o
s
t
 
o
t
h
e
r
 
g
a
s
e
s
 
a
r
e
 
i
n
v
i
s
i
b
l
e
-
-
-
b
u
t
 
t
h
e
y
 
d
o
 
o
c
c
u
p
y
 
s
p
a
c
e
.

S
e
l
e
c
t
 
a
n
 
i
c
e
 
c
u
b
e
 
a
n
d
 
i
d
e
n
t
i
f
y
i
t
 
a
s
 
a
 
s
o
l
i
d
.

P
l
a
c
e
 
t
h
e
 
i
c
e
 
c
u
b
e
 
o
n

a
 
h
o
t
 
p
a
n
 
a
n
d
 
h
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
i
d
e
n
t
i
f
y
 
t
h
e
 
c
h
a
n
g
e
s
 
f
r
o
m
 
s
o
l
i
d
 
s
t
a
t
e

t
o
 
l
i
q
u
i
d
 
t
o
 
g
a
s
 
(
F
i
g
.
 
2
)
.

P
l
a
c
e
 
s
o
m
e
 
a
m
m
o
n
i
a
 
o
n
t
o
 
a
 
c
l
o
t
h
 
a
n
d
 
h
a
v
e
 
p
u
p
i
l
s
 
r
a
i
s
e
 
t
h
e
i
r
 
h
a
n
d
s
 
w
h
e
n
 
t
h
e
y

d
e
t
e
c
t
 
i
t
s
 
o
d
o
r
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
t
h
i
s
 
i
s
 
a
n
 
e
x
a
m
p
l
e
 
o
f

a
 
l
i
q
u
i
d
 
c
h
a
n
g
i
n
g
 
t
o
 
a
 
g
a
s
 
a
n
d
 
e
n
t
e
r
i
n
g
 
o
u
r
 
n
o
s
t
r
i
l
s
 
t
o
 
p
r
o
d
u
c
e
 
t
h
e
 
i
m
p
r
e
s
s
i
o
n

o
f
 
a
m
m
o
n
i
a
.

I
f
 
t
i
m
e
 
p
e
r
m
i
t
s
,
 
c
o
n
d
u
c
t
 
t
h
e
 
s
a
m
e
 
a
c
t
i
v
i
t
y
 
w
i
t
h
 
3
 
o
r
 
4
 
m
o
t
h
 
b
a
i
l
s

w
h
i
c
h
 
a
r
e
 
i
n
s
t
a
n
c
e
s
 
o
f
 
a
 
s
o
l
i
d
 
c
h
a
n
g
i
n
g
 
t
o
 
a
 
g
a
s
.

S
o
l
i
d

I
L

T
E
t
A
T
I
O
l
a G
a
s O
O

0

F
i
g
.
 
1

E
x
a
m
p
l
e
s
 
o
f
 
m
o
l
e
c
u
l
e
s
 
a
r
r
a
n
g
e
d
 
i
n
 
s
o
l
i
d
,

l
i
q
u
i
d
,
 
g
a
s
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
a
i
r
 
i
n
 
t
h
e
 
p
l
a
s
t
i
c
 
b
a
g
 
c
a
n
 
b
e
 
r
e
a
d
i
l
y

m
o
v
e
d
 
f
r
o
m
 
o
n
e
 
b
a
g
 
t
o
 
a
n
o
t
h
e
r
.

S
i
n
c
e
 
a
 
g
a
s
 
o
c
c
u
p
i
e
s
 
s
p
a
c
e
 
a
n
d

t
a
k
e
s
 
t
h
e
 
f
o
r
m
 
o
f
 
t
h
e
 
o
b
j
e
c
t
s
 
w
h
i
c
h
 
i
t
 
e
n
c
o
u
n
t
e
r
s
,
 
t
h
e
 
p
l
a
s
t
i
c

b
a
g
 
w
i
l
l
 
b
e
 
f
i
l
l
e
d
 
w
i
t
h
 
a
i
r
.

T
h
e
 
i
c
e
 
c
u
b
e
 
w
i
l
l
 
c
h
a
n
g
e

s
t
a
t
e
 
f
r
o
m
 
a
 
s
o
l
i
d
 
t
o
 
a
 
l
i
q
u
i
d
 
a
n
d
 
f
i
n
a
l
l
y
 
e
v
a
p
o
r
a
t
e
 
t
o

b
e
c
o
m
e
 
a
 
g
a
s
.

T
h
i
s
 
i
s
 
t
h
e
 
c
o
m
m
o
n
 
c
h
a
n
g
e
 
o
f
 
s
t
a
t
e
.

H
o
w
e
v
e
r
,

s
o
m
e
 
s
o
l
i
d
s
 
m
a
y
 
c
h
a
n
g
e
 
d
i
r
e
c
t
l
y
 
t
o
 
a
 
g
a
s
.

T
h
i
s
 
i
s
 
i
l
l
u
s
t
r
a
t
e
d

i
n
 
t
h
e
 
c
a
s
e
 
o
f
 
a
m
m
o
n
i
a
 
o
r
 
m
o
t
h
 
b
a
l
l
s
.

A
s
 
t
h
e
 
g
a
s
 
f
r
o
m
 
t
h
e

m
o
t
h
 
b
a
l
l
s
 
s
p
r
e
a
d
s
 
t
h
r
o
u
g
h
o
u
t
 
t
h
e
 
r
o
o
m
,
 
m
o
s
t
 
p
u
p
i
l
s
 
w
i
l
l
 
b
e

a
b
l
e
 
t
o
 
d
e
t
e
c
t
 
t
h
e
 
o
d
o
r
.

B
e
 
v
e
r
y
 
c
a
r
e
f
u
l
 
w
i
t
h
 
a
m
m
o
n
i
a
 
a
n
d
 
m
o
t
h
 
b
a
l
l
.

O
o
t
h
 
a
r
e

p
o
i
s
o
n
o
u
s
 
i
f
 
t
a
k
e
n
 
i
n
t
e
r
n
a
l
l
y
.

T
a
b
l
e
 
I
 
-
-
 
E
x
a
m
p
l
e
s
 
o
f
 
t
h
e
 
3
 
S
t
a
t
e
s
 
o
f
 
M
a
t
t
e
r

E
x
a
m
p
l
e

S
t
a
t
e

d
e
s
k

s
o
l
i
d

p
e
n
c
i
l

s
o
l
i
d

w
a
t
e
r

l
i
q
u
i
d

c
o
k
e

l
i
q
u
i
d

p
a
p
e
r

s
o
l
i
d

a
i
r

g
A
Z

w
i
n
d

g
a
s

r
a
i
n

l
i
q
u
i
d



1
-
3
8

F
O
U
R
T
H
 
D
A
Y
 
-
 
S
H
O
W
 
F
U
M
S
T
R
I
P
 
#
1
,
 
-
 
"
C
A
U
S
E
S
 
A
N
D
 
N
A
T
U
R
E
 
O
F

H
E
A
T
"
 
(
J
A
M
 
H
A
N
D
Y
,
 
D
E
T
R
O
I
T
,
 
M
I
C
H
.
)
 
-
 
H
A
V
E
 
C
A
P
T
I
O
N
S
 
R
E
A
D
 
A
L
O
U
D
 
I
N
 
C
L
A
S
S

T
H
I
S
 
P
A
G
E
 
I
N
C
L
U
D
E
D
 
T
H
E
 
E
X
A
C
T
 
T
E
X
T
 
U
S
E
D
 
I
N

T
H
E
 
C
A
P
T
I
O
N
S
 
O
F
 
T
H
E
 
F
I
L
M
S
T
R
I
P
.

U
S
I
N
G
 
T
H
I
S

T
E
X
T
,
 
T
H
E
 
T
E
A
C
H
E
R
 
C
O
U
L
D
 
P
R
E
V
I
E
W
 
M
A
I
N
 
I
D
E
A
S

T
O
 
E
M
P
H
A
S
I
Z
E
 
I
N
 
T
H
E
 
F
I
L
M
S
T
R
I
P
.

T
H
E
 
T
E
X
T

I
S
 
N
O
T
 
I
N
C
L
U
D
E
D
 
H
E
R
E
 
I
N
 
O
R
D
E
R
 
T
O
 
A
V
O
I
D
 
I
N
-

F
R
I
N
G
E
M
E
N
T
 
O
F
 
J
A
M
 
H
A
N
D
Y
 
C
C
P
Y
R
I
G
H
T
.



F
I
F
T
H
 
D
A
Y
 
-
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
3
9

1
.

I
n
 
g
e
n
e
r
a
l
,
 
a
l
l
 
m
a
t
t
e
r
 
e
x
p
a
n
d
s
 
w
h
e
n

i
t
 
i
s
 
h
e
a
t
e
d
 
a
n
d
 
c
o
n
t
r
a
c
t
s
 
w
h
e
n
 
i
t

i
s
 
c
o
o
l
e
d
.

2
.

A
d
d
i
n
g
 
h
e
a
t
 
i
n
c
r
e
a
s
e
s
 
t
h
e
 
s
p
e
e
d
 
o
f

t
h
e
 
m
o
l
e
c
u
l
e
s
 
i
n
 
a
 
m
a
t
e
r
i
a
l
.

3
.

A
 
s
o
l
i
d
 
m
a
y
 
b
e
 
c
h
a
n
g
e
d
 
t
o
 
a
 
l
i
q
u
i
d

o
r
 
g
a
s
 
b
y
 
a
d
d
i
n
g
 
h
e
a
t
 
e
s
l
o
r
g
y
.

4
.

R
e
m
o
v
i
n
g
 
h
e
a
t
 
f
r
o
m
 
a
 
s
u
b
s
t
a
n
c
e
 
w
i
l
l

d
e
c
r
e
a
s
e
 
t
h
e
 
s
p
e
e
d
 
o
f
 
t
h
e
 
m
o
l
e
c
u
l
e
s
.

5
.

R
e
m
o
v
i
n
g
 
h
e
a
t
 
f
r
o
m
 
a
 
m
a
t
e
r
i
a
l
 
w
i
l
l
 
c
o
o
l
 
i
t
.

6
.

A
 
g
a
s
 
m
a
y
 
b
e
 
c
h
a
n
g
e
d
 
t
o
 
a
 
l
i
q
u
i
d
 
o
r
 
a

s
o
l
i
d
 
b
y
 
r
e
m
o
v
i
n
g
 
h
e
a
t
 
e
n
e
r
g
y
.

R
e
a
d
i
n
g
:

R
e
v
i
e
w
 
i
d
e
a
s
 
o
n
 
p
p
.
 
8
-
1
1
.

N
e
w
 
W
o
r
d
s
:

e
x
p
a
n
d
,
 
c
o
n
t
r
a
c
t

M
a
t
e
r
i
a
l
s
:

b
a
l
l
o
o
n
s
,
 
l
a
r
g
e
 
c
a
n
,

t
u
b
e
,
 
b
o
t
t
l
e
,
 
w
a
t
e
r
,
 
f
o
o
d
 
c
o
l
o
r
i
n
g
,

h
o
t
 
p
l
a
t
e

P
u
p
i
l
 
q
u
e
s
t
i
o
n
s
:

1
.

W
h
y
 
d
i
d
 
t
h
e
 
b
a
l
l
o
o
n
 
b
e
c
o
m
e
 
l
a
r
g
e
r
?

2
.

W
h
y
 
d
i
d
 
t
h
e
 
b
a
l
l
o
o
n
 
b
e
c
o
m
e
 
s
m
a
l
l
e
r
?

D
i
s
c
u
s
s
i
o
n
:

A
s
 
e
a
c
h
 
a
c
t
i
v
i
t
y
 
i
s
 
c
o
m
p
l
e
t
e
d
,
 
c
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
c
o
m
m
o
n
 
f
a
c
t
o
r

,
 
t
h
a
t
 
a
d
d
i
n
g
 
h
e
a
t
 
o
r
d
i
n
a
r
i
l
y
 
c
a
u
s
e
s
 
e
x
p
a
n
s
i
o
n
 
a
n
d
 
r
e
m
o
v
i
n
g
 
h
e
a
t
 
c
a
u
s
e
s
 
c
o
n
t
r
a
c
t
i
o
n
.

R
e
v
i
e
w
 
b
r
i
e
f
l
y
 
t
h
e
 
i
d
e
a
 
d
e
v
e
l
o
p
e
d
 
i
n
 
a
 
p
r
e
c
e
d
i
n
g
 
l
e
s
s
o
n
 
(
c
h
a
n
g
i
n
g
 
i
c
e
 
c
u
b
e
 
t
o
 
g
a
s
)

t
h
a
t
 
a
d
d
i
n
g
 
s
u
f
f
i
c
i
e
n
t
 
h
e
a
t
 
w
i
l
l
 
c
a
u
s
e
 
a
 
s
o
l
i
d
 
t
o
 
b
e
c
o
m
e
 
a
 
l
i
q
u
i
d
 
a
n
d
 
f
i
n
a
l
l
y

a
g
a
s
.

T
h
i
s
 
m
a
y
 
b
e
 
r
e
v
e
r
s
e
d
 
b
y
 
r
e
m
o
v
i
n
g
 
h
e
a
t
 
t
o
 
m
a
k
e
 
a
 
g
a
s
 
i
n
t
o
 
a
 
l
i
q
u
i
d
 
a
n
d

f
i
n
a
l
l
y
 
i
n
t
o
 
a
 
s
o
l
i
d
.

A
n
 
e
x
a
m
p
l
e
 
o
f
 
t
h
e
 
l
a
t
t
e
r
 
w
o
u
l
d
 
b
e
 
t
h
e
 
f
r
o
s
t
 
w
h
i
c
h
 
f
o
r
m
s

o
n
 
w
i
n
d
s
h
i
e
l
d
s
 
i
n
 
t
h
e
 
w
i
n
t
e
r
.

I
n
 
t
h
i
s
 
s
i
t
u
a
t
i
o
n
,
 
t
h
e
 
w
a
r
m
 
a
i
r
 
(
a
 
g
a
s
)
 
n
e
a
r
 
t
h
e

w
i
n
d
s
h
i
e
l
d
 
i
s
 
c
o
o
l
e
d
 
a
s
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
d
r
o
p
s
 
a
n
d
 
f
o
r
m
s
 
d
r
o
p
s
 
o
f
 
w
a
t
e
r
 
(
l
i
q
u
i
d
)

o
n
 
t
h
e
 
w
i
n
d
s
h
i
e
l
d
.

A
s
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
c
o
n
t
i
n
u
e
s
 
t
o
 
f
a
l
l
,
 
t
h
e
 
d
r
6
p
l
e
t
s
 
o
f
 
w
a
t
e
r

a
r
e
 
f
r
o
z
e
n
 
t
o
 
f
o
r
m
 
i
c
e
 
c
r
y
s
t
a
l
s
 
(
s
o
l
i
d
)
 
o
n
 
t
h
e
 
w
i
n
d
s
h
i
e
l
d
.

A
c
t
i
v
i
t
i
e
s
:

P
l
a
c
e
 
a
 
b
a
l
l
o
o
n
 
o
v
e
r
 
t
h
e
 
m
o
u
t
h
 
o
f
 
a
 
c
o
n
t
a
i
n
e
r
 
(
F
i
g
.

1
 
)
.

P
l
a
c
e
 
c
a
n

o
n
 
h
o
t
 
p
l
a
t
e
 
a
n
d
 
a
s
k
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
b
a
l
l
o
o
n
 
b
e
g
i
n
s
 
t
o
 
e
x
p
a
n
d
.

A
s
k

p
u
p
i
l
s
 
t
o
 
s
u
g
g
e
s
t
 
w
a
y
s
 
i
n
 
w
h
i
c
h
 
t
h
e
y
 
c
a
n
 
t
e
t
u
r
n
 
b
a
l
l
o
o
n
 
t
o
 
i
t
s
 
o
r
i
g
i
n
a
l

(
u
n
i
n
f
l
a
t
e
d
)
 
s
t
a
t
e
.

P
l
a
c
e
 
t
u
b
e
 
i
n
s
i
d
e
 
b
o
t
t
l
e
 
w
h
i
c
h
 
h
a
s
 
b
e
e
n
 
f
i
l
l
e
d
 
w
t
t
h
 
c
o
l
o
r
e
d
 
w
a
t
e
r
.

N
o
t
e

l
e
v
e
l
 
o
f
 
w
a
t
e
r
 
i
n
 
t
u
b
e
.

P
l
a
c
e
 
b
o
t
t
l
e
 
o
n
 
h
o
t
 
p
l
a
t
e
 
a
n
d
 
n
o
t
e
 
w
a
t
e
r
 
r
i
s
i
n
g
 
i
n
 
t
u
b
e

(
F
i
g
.
 
2
)
.

C
o
o
l
 
b
o
t
t
l
e
 
a
n
d
 
n
o
t
e
 
c
h
a
n
g
e
 
i
n
 
l
e
v
e
l
 
o
f
 
w
a
t
e
r
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

H
e
a
t
i
n
g
 
t
h
e
 
c
a
n
 
w
i
l
l
 
c
a
u
s
e
 
t
h
e
 
a
i
r
 
i
n
s
i
d
e
 
t
h
e
 
c
a
n
 
t
o

e
x
p
a
n
d
.

S
i
n
c
e
 
t
h
e
 
a
i
r
 
c
a
n
n
o
t
 
e
s
c
a
p
e
,
 
i
t
 
w
i
l
l
 
c
a
u
s
e

t
h
e
 
b
a
l
l
o
o
n
 
t
o
 
e
x
p
a
n
d
.

C
o
o
l
i
n
g

t
h
e
 
a
i
r
 
i
n
s
i
d
e
 
t
h
e
 
c
a
n
 
w
i
l
l
 
c
a
u
s
e
 
t
h
e
 
a
i
r

t
o
 
c
o
n
t
r
a
c
t
.

T
h
i
s
 
m
e
a
n
s
 
t
h
a
t
 
i
t

w
i
l
l
 
o
c
c
u
p
y
 
l
e
s
s
 
s
p
a
c
e
 
a
n
d
 
t
h
e
b
a
l
l
o
o
n
 
w
i
l
l
 
c
o
l
l
a
p
s
e
.

H
e
a
t
i
n
g
 
t
h
e
 
l
i
q
u
i
d

i
n
s
i
d
e
 
t
h
e
 
b
o
t
t
l
e
 
c
a
u
s
e
s
 
t
h
e

l
i
q
u
i
d
 
t
o
 
e
x
p
a
n
d
.

a 
a

F
i
g
.
 
1

A
i
r
 
i
n
 
b
o
t
t
l
e
 
e
x
p
a
n
d
s
 
t
o

f
i
l
l
 
b
a
l
l
o
o
n
.

B
e
c
a
u
s
e
 
t
h
e
 
t
u
b
e
 
h
a
s
 
a
 
v
e
r
y
 
s
m
a
l
l
 
p
a
s
s
a
g
e
,
 
i
t
 
i
s

p
o
s
s
i
b
l
e
 
t
o
 
s
e
e
 
t
h
e
 
e
f
f
e
c
t
 
o
f
 
t
h
i
s
 
e
x
p
a
n
s
i
o
n
.

F
i
g
.
 
2

L
i
q
u
i
d
 
i
n
 
b
o
t
t
l
e
 
e
x
p
a
n
d
s
 
a
n
d

r
i
s
e
s
 
i
n
 
t
u
b
e
.



S
I
X
T
H
 
D
A
Y
 
-
-

N
S

1
.

R
e
m
o
v
i
n
g
 
h
e
a
t
 
f
r
o
m
 
w
a
t
e
r
 
c
a
u
s
e
s
 
i
t
 
t
o

c
o
n
t
r
a
c
t
 
u
n
t
i
l
 
4
°
 
C
 
a
n
d
 
t
h
e
n
 
w
a
t
e
r

e
x
p
a
n
d
s
 
u
n
t
i
l
 
i
t
 
r
e
a
c
h
e
s
 
0
°
 
C
.

2
.

E
v
a
p
o
r
a
t
i
o
n
 
i
s
 
a
n
 
i
m
p
o
r
t
a
n
t
 
w
a
y
 
t
o

c
o
o
l
 
s
o
m
e
t
h
i
n
g
.

1
-
4
0

C

R
e
a
d
i
n
g
:

R
e
v
i
e
w
 
i
d
e
a
s
 
o
n
 
p
p
.
 
8
-
1
1
.

N
e
w
 
W
o
r
d
s
:

e
v
a
p
o
r
a
t
i
o
n

M
a
t
e
r
i
a
l
s
:

A
a
r
 
w
i
t
h
 
t
h
r
e
a
d
e
d
 
c
a
p
,
 
n
e
w
s
p
a
p
e
r
,

b
o
t
t
l
e
s
 
o
f
 
a
l
c
o
h
o
l
 
a
n
d
 
w
a
t
e
r
,
 
c
o
t
t
o
n
.

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
 
i
s
 
e
v
a
p
o
r
a
t
i
o
n
?

2
.

W
h
e
r
e
 
d
o
e
s
 
e
v
a
p
o
r
a
t
i
o
n
 
o
c
c
u
r
?

3
.

W
h
y
 
d
o
e
s
 
t
h
e
r
m
o
m
e
t
e
r
 
d
i
p
p
e
d
 
i
n
 
a
l
c
o
h
o
l

c
o
o
l
 
f
a
s
t
e
r
 
t
h
a
n
 
o
n
e
 
d
i
p
p
e
d
 
i
n
 
w
a
t
e
r
?

D
i
s
c
u
s
s
i
o
n
:

P
u
p
i
l
s
 
m
a
y
 
c
i
t
e
 
i
n
s
t
a
n
c
e
s
 
w
h
e
n
 
t
h
e
y
 
h
a
v
e
 
n
o
t
e
d
 
w
a
t
e
r

e
v
a
p
o
r
a
t
i
n
g
 
f
r
o
m
 
a
q
u
a
r
i
u
m
 
o
r
 
f
r
o
m
 
s
t
r
e
e
t
s
 
a
f
t
e
r
 
r
a
i
n
.

S
o
m
e
 
p
u
p
i
l
s

m
a
y
 
h
a
v
e
 
h
a
d
 
a
n
 
a
l
c
o
h
o
l
 
r
u
b
 
t
o
 
r
e
d
u
c
e
 
t
h
e
i
r
 
b
o
d
y
 
t
e
m
p
e
r
a
t
u
r
e
 
w
h
e
n
 
t
h
e
y
 
h
a
v
e

h
a
d
 
a
 
f
e
v
e
r
.

C
l
o
u
d
s
 
a
r
e
 
f
o
r
m
e
d
 
b
y
 
e
v
a
p
o
r
a
t
i
o
n
 
o
f
 
w
a
t
e
r
 
f
r
o
m
 
s
u
r
f
a
c
e
 
o
f
 
t
h
e
 
e
a
r
t
h
.

T
h
e
 
f
a
c
t
 
t
h
a
t
 
w
a
t
e
r
 
e
x
p
a
n
d
s
 
j
u
s
t
 
b
e
f
o
r
e
 
i
t
 
r
e
a
c
h
e
s
 
0
°
 
C
 
i
s
 
i
m
p
o
r
t
a
n
t
 
i
n

c
a
u
s
i
n
g
 
i
c
e
 
t
o
 
f
l
o
a
t
 
o
n
 
w
a
t
e
r
.

T
h
e
 
r
e
s
u
l
t
i
n
g
 
i
c
e
 
(
a
 
s
o
l
i
d
)
 
o
c
c
u
p
i
e
s
 
m
o
r
e
 
s
p
a
c
e

t
h
a
n
 
i
t
 
d
i
d
 
a
s
 
a
 
l
i
q
u
i
d
.

T
h
e
 
i
c
e
 
i
s
 
l
e
s
s
 
d
e
n
s
e
 
t
h
a
n
 
t
h
e
 
s
u
r
r
o
u
n
d
i
n
g
 
w
a
t
e
r
,

P
`
w
h
i
c
h
 
p
u
s
h
e
s
 
t
h
e
 
i
c
e
 
t
o
 
t
h
e
 
s
u
r
f
a
c
e
.

o
a

A
c
t
i
v
i
t
i
e
s
:

U
s
e
 
a
 
c
o
t
t
o
n
 
s
w
a
b
 
t
o
 
p
l
a
c
e
 
a
 
f
e
w
 
d
r
o
p
s
 
o
f
 
w
a
t
e
r
 
o
n
 
w
r
i
s
t
 
o
f
 
p
u
p
i
l
.

F
a
n
 
t
h
e
 
w
r
i
s
t
s
 
w
i
t
h
 
a
 
c
a
r
d
b
o
a
r
d
 
t
o
 
m
a
k
e
 
t
h
e
 
w
a
t
e
r
 
e
v
a
p
o
r
a
t
e

q
u
i
c
k
l
y
.

A
s
k

p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
t
h
e
i
r
 
s
e
n
s
a
t
i
o
n
s
.

R
e
p
e
a
t
 
t
h
e
 
a
c
t
i
v
i
t
y
 
b
u
t
 
u
s
e
 
d
r
o
p
s
 
o
f
 
w
a
t
e
r
 
o
n
 
o
n
e

w
r
i
s
t
 
a
n
d
 
d
r
o
p
s
 
o
f
 
a
l
c
o
h
o
l
 
o
n
 
t
h
e
 
o
t
h
e
r
 
w
r
i
s
t
.

A
s
k
 
t
h
e
 
p
u
p
i
l
 
t
o
 
e
x
p
l
a
i
n
 
h
i
s

s
e
n
s
a
t
i
o
n
s
 
a
n
d
 
t
o
 
n
o
t
e
 
w
h
i
c
h
 
l
i
q
u
i
d
 
e
v
a
p
o
r
a
t
e
d
 
f
i
r
s
t
.

P
l
a
c
e
 
t
h
e
r
m
o
m
e
t
e
r
 
i
n
t
o
 
a
l
c
o
h
o
l
 
a
n
d
 
i
n
t
o
 
w
a
t
e
r
.

R
e
m
o
v
e
 
t
h
e
r
m
o
m
e
t
e
r
s
 
a
n
d
 
n
o
t
e

w
h
i
c
h
 
t
e
m
p
e
r
a
t
u
r
e
 
f
a
l
l
s
 
r
a
p
i
d
l
y
.(

Se
e 

Fi
g.

 1
)

F
i
l
l
 
l
a
r
g
e
 
g
l
a
s
s
 
b
o
t
t
l
e
 
w
i
t
h
 
w
a
t
e
r
 
a
n
d
 
s
c
r
e
w
 
t
h
e
 
l
i
d
 
t
i
g
h
t
l
y
 
o
n
t
o
 
t
h
e
 
b
o
t
t
l
e
.

W
r
a
p
 
t
h
e
 
b
o
t
t
l
e
 
i
n
 
n
e
w
s
p
a
p
e
r
 
a
n
d
 
p
l
a
c
e
 
i
t
 
i
n
 
a
 
f
r
e
e
z
i
n
g
 
c
o
m
p
a
r
t
m
e
n
t
.

E
x
a
m
i
n
e

t
h
e
 
b
r
o
k
e
n
 
b
o
t
t
l
e
 
t
h
e
 
n
e
x
t
 
d
a
y
 
a
n
d
 
a
s
k
 
p
u
p
i
l
s
 
t
o
 
a
c
c
o
u
n
t
 
f
o
r
 
t
h
e
 
b
r
e
a
k
a
g
e
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

W
h
e
n
 
w
a
t
e
r
 
b
e
g
i
n
s
 
t
o
 
e
v
a
p
o
r
a
t
e
,
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
o
f
 
t
h
e
 
w
r
i
s
t
 
w
i
l
l

b
e
 
r
e
d
u
c
e
d
 
a
n
d
 
p
u
p
i
l
s
 
w
i
l
l
 
r
e
p
o
r
t
 
a
 
c
o
o
l
 
s
e
n
s
a
t
i
o
n
.

W
h
e
n
 
w
a
t
e
r
 
a
n
d
 
a
l
c
o
h
o
l
 
a
r
e

p
l
a
c
e
d
 
o
n
 
t
h
e
 
w
r
i
s
t
s
,
 
t
h
e
 
w
r
i
s
t
 
h
a
v
i
n
g
 
t
h
e
 
a
l
c
o
h
o
l
 
w
i
l
l
 
a
p
p
e
a
r
 
t
o
 
f
e
e
l
 
c
o
o
l
e
r
.

T
h
i
s
 
i
s
 
b
e
c
a
u
s
e
 
a
l
c
o
h
o
l
 
e
v
a
p
o
r
a
t
e
s
 
f
a
s
t
e
r
 
t
h
a
n
 
w
a
t
e
r
.

T
h
e
 
t
e
m
p
e
r
a
t
u
r
e
s
 
o
f
 
b
o
t
h
 
t
h
e
r
m
o
m
e
t
e
r
s
 
w
i
l
l
 
d
r
o
p
,
 
b
u
t
 
a
l
c
o
h
o
l
 
t
h
e
r
m
o
m
e
t
e
r
 
w
i
l
l

d
r
o
p
 
f
a
s
t
e
r
 
b
e
c
a
u
s
e
 
a
l
c
o
h
o
l
 
e
v
a
p
o
r
a
t
e
s
 
f
a
s
t
e
r
 
t
h
a
n
 
w
a
t
e
r
.

F
i
g
.
 
1

A
l
c
o
h
o
l
 
e
v
a
p
o
r
a
t
e
s
 
m
o
r
e
 
r
a
p
i
d
l
y
 
t
h
a
n

w
a
t
e
r
.



S
E
V
E
N
T
H
 
D
A
Y
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
4
1

C
L
A
S
S
 
A
C
T
I
V
I
T
I
E
S

E
M
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
t
O
N
S
-

1
.

t
h
e
 
a
m
o
u
n
t
 
o
f
 
h
e
a
t
 
e
n
e
r
g
y
 
i
n
 
a
 
m
a
t
e
r
i
a
l

c
a
n
 
b
e
 
m
e
a
s
u
r
e
d
.

2
.

P
o
u
c
h
i
n
g
,
 
s
e
e
i
n
g
,
 
o
r
 
o
t
h
e
r
 
s
e
n
s
e
s
 
a
r
e
 
n
o
t

a
c
c
u
r
a
t
e
 
w
a
y
s
 
t
o
 
m
e
a
s
u
r
e
 
t
e
m
p
e
r
a
t
u
r
e
.

3
.

t
e
m
p
e
r
a
t
u
r
e
 
i
s
 
n
o
t
 
a
 
m
e
a
s
u
r
e
 
o
f
 
t
h
e
 
t
o
t
a
l

a
m
o
u
n
t
 
o
f
 
h
e
a
t
 
i
n
 
a
 
m
a
t
e
r
i
a
l
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
1
9
-
2
5
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

t
e
m
p
e
r
a
t
u
r
e
,
 
s
e
n
s
e
s
,

a
c
c
u
r
a
t
e
,
 
a
v
e
r
a
g
e
 
s
p
e
e
d
.

M
a
t
e
r
i
a
l
s
:

3
 
p
a
n
s
,
 
j
a
r
 
o
f
 
l
e
a
d
,

w
a
t
e
r
,
 
p
a
r
a
f
f
i
n
,
 
h
o
t
 
p
l
a
t
e
,
 
P
y
r
e
x

b
o
w
l
,
 
t
o
n
g
s

N
E
L
L
W
W
1
2
1
2
1
V

1
.

W
h
y
 
i
s
 
t
h
e
 
s
a
m
e
 
p
a
p
 
o
f
 
w
a
t
e
r
 
c
a
l
l
e
d

"
l
u
k
e
w
a
r
m
"
 
a
n
d
 
t
h
e
n
 
"
h
o
t
"
 
a
n
d
 
"
c
o
l
d
"
?

2
.

W
h
y
 
d
o
e
s
 
o
n
e
 
j
a
r
 
s
i
n
k
 
d
e
e
p
e
r
 
t
h
a
n

t
h
e
 
o
t
h
e
r
 
j
a
r
?

3
.

A
r
e
 
w
a
t
e
r
 
m
o
l
e
c
u
l
e
s
 
m
o
v
i
n
g
 
f
a
s
t
e
s
t

i
n
 
"
c
o
l
d
,
"
 
"
w
a
r
m
"
 
o
r
 
"
h
o
t
"
 
w
a
t
e
r
?

D
i
s
c
u
s
s
i
o
n
:

T
h
e
 
f
i
r
s
t
 
a
c
t
i
v
i
t
y
 
e
m
p
h
a
s
i
z
e
s
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
o
u
r
 
s
e
n
s
e
s
 
a
r
e
 
o
f
t
e
n

.
1
%
.
d
e
c
e
p
t
i
v
e
,

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
i
n
i
t
i
a
l
l
y
 
t
h
e
 
p
u
p
i
l
s
 
"
s
e
n
s
e
d
"
 
t
h
a
t

4
:
3

t
h
e
 
m
i
d
d
l
e
 
p
a
n
 
o
f
 
w
a
t
e
r
 
w
a
s
 
"
l
u
k
e
w
a
r
m
.
"

F
i
n
a
l
l
y
,
 
o
n
e
 
h
a
n
d
 
"
s
e
n
s
e
d
"
 
t
h
a
t
 
t
h
e

s
a
m
e
 
p
a
n
 
o
f
 
w
a
t
e
r
 
w
a
s
 
"
c
o
l
d
 
o
r
 
c
o
o
l
"
 
a
n
d
 
t
h
e
 
o
t
h
e
r
 
h
a
n
d
 
r
e
p
o
r
t
e
d
 
i
t
 
t
o
 
b
e

"
w
a
r
m
 
o
r
 
h
o
t
"
.

E
m
p
h
a
s
i
z
e
 
t
h
e
 
u
n
r
e
l
i
a
b
i
l
i
t
y
 
o
f
 
c
e
r
t
a
i
n
 
s
e
n
s
a
t
i
o
n
s
.

P
u
p
i
l
s

m
a
y
 
b
e
 
a
b
l
e
 
t
o
 
i
d
e
n
t
i
f
y
 
o
t
h
e
r
 
s
e
n
s
o
r
y
 
d
e
c
e
p
t
i
o
n
s
,
 
i
.
e
.
 
m
i
r
a
g
e
s
,
 
o
p
t
i
c
a
l

i
l
l
u
s
i
o
n
s
,
 
t
e
l
e
v
i
s
i
o
n
 
s
o
u
n
d
 
e
f
f
e
c
t
s
.

T
h
e
 
j
a
r
s
 
o
f
 
w
a
t
e
r
 
a
n
d
 
m
e
t
a
l
 
i
l
l
u
s
t
r
a
t
e
 
t
h
e
 
i
d
e
a
 
t
h
a
t
 
o
b
j
e
c
t
s
,
 
w
h
i
c
h
 
h
a
v
e

t
h
e
 
s
a
m
e
 
s
i
z
e
 
a
n
d
 
t
e
m
p
e
r
a
t
u
r
e
 
m
a
y
 
p
o
s
s
e
s
s
 
d
i
f
f
e
r
e
n
t
 
a
m
o
u
n
t
s
 
o
f
 
h
e
a
t

e
n
e
r
g
y
.

L
a
r
g
e
 
o
b
j
e
c
t
s
 
w
i
l
l
 
p
o
s
s
e
s
s
 
m
o
r
e
 
h
e
a
t
 
e
n
e
r
g
y
 
t
h
a
n
 
s
m
a
l
l
e
r
 
o
b
j
e
c
t
s
 
o
f
 
t
h
e
 
s
a
m
e

m
a
t
e
r
i
a
l
.

T
h
i
s
 
i
s
 
a
l
s
o
 
i
l
l
u
s
t
r
a
t
e
d
 
b
y
 
t
h
e
 
f
a
c
t
 
t
h
a
t
 
L
a
k
e
 
M
i
c
h
i
g
a
n
 
p
o
s
s
e
s
s
e
s

m
o
r
e
 
h
e
a
t
 
e
n
e
r
g
y
 
t
h
a
n
 
a
 
b
u
r
n
i
n
g
 
m
a
t
c
h
,
 
e
v
e
n
 
t
h
o
u
g
h
 
t
h
e
 
m
a
t
c
h
 
i
s
 
a
t
 
a

s
u
b
s
t
a
n
t
i
a
l
l
y
 
h
i
g
h
t
r
 
t
e
m
p
e
r
a
t
u
r
e
 
t
h
a
n
 
t
h
e
 
w
a
t
e
r
 
i
n
 
t
h
e
 
l
a
k
e
.

A
c
t
i
v
i
t
i
e
s
:

F
i
l
l
 
t
h
r
e
e
 
p
a
n
s
 
w
i
t
h
 
w
a
t
e
r
 
(
h
o
t
,
 
l
u
k
e
w
a
r
m
,
 
c
o
l
d
)
.

H
a
v
e
 
a
 
p
u
p
i
l

p
l
a
c
e
 
b
o
t
h
 
h
a
n
d
s
 
i
n
t
o
 
t
h
e
 
l
u
k
e
w
a
r
m
 
w
a
t
e
r
 
f
o
r
 
a
b
o
u
t
 
3
0
 
s
e
c
o
n
d
s
.

T
h
e
n
,
 
h
a
v
e

h
i
m
 
p
l
a
c
e
 
h
i
s
 
l
e
f
t
 
h
a
n
d
 
i
n
t
o
 
t
h
e
 
p
a
n
 
o
f
 
h
o
t
 
w
a
t
e
r
 
a
n
d
 
h
i
s
 
r
i
g
h
t
 
h
a
n
d
 
i
n
t
o
 
t
h
e

.

p
a
n
 
o
f
 
c
o
l
d
 
w
a
t
e
r
.

A
s
k
 
h
i
m
 
t
o
 
d
e
s
c
r
i
b
e
 
h
i
s
 
s
e
n
s
e
 
o
f
 
h
o
t
 
o
r
 
c
o
l
d
.

A
l
l
o
w
 
h
a
n
d
s

t
o
 
r
e
m
a
i
n
 
i
n
 
h
o
t
 
a
n
d
 
c
o
l
d
 
p
a
n
s
 
f
o
r
 
1
 
o
r
 
2
 
m
i
n
u
t
e
s
.

Q
u
t
c
k
l
y
 
r
e
m
o
v
e
 
b
o
t
h
 
h
a
n
d
s
,

d
r
y
 
t
h
e
m
,
 
a
n
d
 
p
l
a
c
e
 
b
o
t
h
 
h
a
n
d
s
 
i
n
t
o
 
l
u
k
e
w
a
r
m
 
w
a
t
e
r
 
i
m
m
e
d
i
a
t
e
l
y
.

O
n
c
e
 
a
g
a
i
n

a
s
k
 
p
u
p
i
l
 
t
o
 
r
e
p
o
r
t
 
s
e
n
s
e
 
o
f
 
h
o
t
 
o
r
 
c
o
l
d
 
f
o
r
 
e
a
c
h
 
h
a
n
d
.

A
l
l
o
w
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
t
o
 
e
x
a
m
i
n
e
 
j
a
r
s
 
o
f
 
w
a
t
e
r
 
a
n
d
 
l
e
a
d
.

P
l
a
c
e
 
j
a
r
s

i
n
t
o
 
c
o
n
t
a
i
n
e
r
 
o
f
 
b
o
i
l
i
n
g
 
w
a
t
e
r
.

A
l
l
o
w
 
5
 
m
i
n
u
t
e
s
 
f
o
r
 
j
a
r
s
 
t
o
 
a
t
t
a
i
n
 
t
e
m
p
e
r
a
t
u
r
e

F
i
g
.
 
1

P
a
n
s
 
o
f
 
w
a
t
e
r
 
t
o
 
t
e
s
t
 
s
e
n
s
e
 
o
f
 
h
e
a
t

L
e
a
d

F
i
g
.
 
2

W
a
t
e
r
 
a
n
d
 
l
e
a
d
 
a
b
s
o
r
b
 
a
n
d
 
r
e
l
e
a
s
e

d
i
f
f
e
r
e
n
t
 
a
m
o
u
n
t
s
 
o
f
 
h
e
a
t
.

o
f
 
b
o
i
l
i
n
g
 
w
a
t
e
r
.

E
s
t
a
b
l
i
s
h
 
f
a
c
t
 
t
h
a
t
 
b
o
t
h
 
j
a
r
s
 
h
a
v
e
 
s
a
m
e

t
e
m
p
e
r
a
t
u
r
e
.

P
l
a
c
e
 
j
a
r
s
 
o
n
t
o
 
b
a
r
 
o
f
 
p
a
r
a
f
f
i
n
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s

t
o
 
e
s
t
i
m
a
t
e
 
w
h
i
c
h
 
j
a
r
 
w
i
l
l
 
m
e
l
t
 
t
h
e
 
m
o
s
t
 
p
a
r
a
f
f
i
n
 
a
n
d
 
w
h
y
.

P
l
a
c
e

a
 
l
a
r
g
e
 
a
n
d
 
s
m
a
l
l
 
o
b
j
e
c
t
 
o
f
 
s
a
m
e
 
m
a
t
e
r
i
a
l
 
o
n
t
o
 
b
a
r
 
o
f
 
p
a
r
a
f
f
i
n
,

a
f
t
e
r
 
h
e
a
t
i
n
g
 
t
h
e
m
.

N
o
t
e
 
w
h
i
c
h
 
m
e
l
t
s
 
m
o
s
t
 
p
a
r
a
f
f
i
n
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
p
u
p
i
l
 
w
i
l
l
 
i
d
e
n
t
i
f
y
 
t
h
e
 
l
u
k
e
w
a
r
m
 
w
a
t
e
r

a
s
 
s
u
c
h
.

N
e
x
t
,
 
h
i
s
 
l
e
f
t
 
h
a
n
d
 
w
i
l
l
 
s
e
n
s
e
 
"
h
o
t
"
 
a
n
d
 
h
i
s
 
r
i
g
h
t

h
a
n
d
 
w
i
l
l
 
s
e
n
s
e
 
"
c
o
l
d
"
.

H
o
w
e
v
e
r
,
 
w
h
e
n
 
b
o
t
h
 
h
a
n
d
s
 
a
r
e
 
r
e
t
u
r
n
e
d

t
o
 
t
h
e
 
l
u
k
e
w
a
r
m
 
w
a
t
e
r
,
 
t
h
e
 
l
e
f
t
 
h
a
n
d
 
s
e
n
s
e
s
 
"
c
o
l
d
"
 
a
n
d
 
t
h
e

r
i
g
h
t
 
h
a
n
d
 
s
e
n
s
e
s
 
"
h
o
t
.
"

T
h
e
 
p
u
p
i
l
'
s
 
s
e
n
s
e
s
 
a
r
e
 
m
e
r
e
l
y

r
e
p
o
r
t
i
n
g
 
c
h
a
n
g
e
s
 
a
n
d
 
n
o
t
 
m
e
a
s
u
r
i
n
g
 
t
e
m
p
e
r
a
t
u
r
e
.

T
h
e
 
j
a
r
 
o
f
 
w
a
t
e
r
 
w
i
l
l
 
m
e
l
t
 
m
o
r
e
 
p
a
r
a
f
f
i
n
.

S
i
n
c
e
 
t
h
e

w
a
t
e
r
 
h
a
s
 
a
b
s
o
r
b
e
d
 
m
o
r
e
 
h
e
a
t
 
e
n
e
r
g
y
 
t
h
a
n
 
t
h
e
 
l
e
a
d
,
 
i
t
 
h
a
s

m
o
r
e
 
h
e
a
t
 
t
o
 
r
e
l
e
a
s
e
 
t
h
a
n
 
d
o
e
s
 
t
h
e
 
l
e
a
d
.

O
b
v
i
o
u
s
l
y
,
 
a
 
l
a
r
g
e

c
o
n
t
a
i
n
e
r
 
o
f
 
w
a
t
e
r
 
w
i
l
l
 
a
b
s
o
r
b
 
m
o
r
e
 
h
e
a
t
 
t
h
a
n
a
 
s
m
a
l
l
 
j
a
r
 
o
f

w
a
t
e
r
.



O

E
I
G
H
T
H
 
A
N
D
 
N
I
N
T
H
 
D
A
Y
S
 
-
-
 
G
E
N
E

I
T

1
.

T
h
e
r
m
o
m
e
t
e
r
s
 
a
r
e
 
u
s
e
d
 
t
o
 
m
e
a
s
u
r
e

t
e
m
p
e
r
a
t
u
r
e
.

2
.

T
h
e
r
m
o
m
e
t
e
r
s
 
c
a
n
 
b
e
 
m
a
d
e
 
b
y
 
u
s
i
n
g

a
i
r
 
a
n
d
 
w
a
t
e
r
,
 
a
l
c
o
h
o
l
,
 
m
e
t
a
l
s
.

3
.

F
l
u
i
d
s
 
i
n
 
a
 
t
h
e
r
m
o
m
e
t
e
r
 
i
n
d
i
c
a
t
e

t
e
m
p
e
r
a
t
u
r
e
 
c
h
a
n
g
e
s
 
b
y
 
e
x
p
a
n
d
i
n
g

w
h
e
n
 
h
e
a
t
e
d
 
a
n
d
 
c
o
n
t
r
a
c
t
i
n
g
 
w
h
e
n

c
o
o
l
e
d
.

4
.

T
h
e
 
F
a
h
r
e
n
h
e
i
t
 
s
c
a
l
e
 
a
n
d
 
C
e
n
t
i
g
r
a
d
e

s
c
a
l
e
 
a
r
e
 
t
w
o
 
c
o
m
m
o
n
 
w
a
y
s
 
o
f
 
m
a
r
k
i
n
g

t
h
e
r
m
o
m
e
t
e
r
s
.

1
-
4
2

R
e
a
d
i
n
g
!

R
e
a
d
 
p
p
.
 
1
9
-
2
5
 
s
i
l
e
n
t
l
y
 
a
n
d

a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

f
l
u
i
d
,
 
t
h
e
r
m
o
m
e
t
e
r
,

F
a
h
r
e
n
h
e
i
t
,
 
C
e
n
t
i
g
r
a
d
e

M
a
t
e
r
i
a
l
s
:

d
a
t
e
r
,
 
f
o
o
d
 
c
o
l
o
r
i
n
g
,

t
u
b
i
n
g
,
 
b
i
-
m
e
t
a
l
l
i
c
 
s
t
r
i
p
,
 
h
o
t
 
p
l
a
t
e
,

b
o
t
t
l
e
,
 
t
h
e
r
m
o
m
e
t
e
r
s
 
,
 
a
l
c
o
h
o
l
 
t
h
e
r
m
o
m
e
t
e
r

B
e
n
 
F
r
a
n
k
l
i
n
 
t
h
e
r
m
o
e
t
e
r

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
a
t
'
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n

C
e
n
t
i
g
r
a
d
e
 
a
n
d
 
F
a
h
r
e
n
h
e
i
t

t
h
e
r
m
o
m
e
t
e
r
s
?

2
.

W
h
y
 
i
s
n
'
t
 
w
a
t
e
r
 
u
s
e
d
 
t
o
 
m
a
k
e
 
t
h
e
r
m
o
m
e
t
e
r
s
?

D
i
s
c
u
s
s
i
o
n
:

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
i
d
e
n
t
i
f
y
 
d
i
f
f
e
r
e
n
t
 
k
i
n
d
s
 
o
f
 
t
h
e
r
m
o
m
e
t
e
r
s
 
u
s
e
d

i
n
 
t
h
e
i
r
 
h
o
m
e
s
,

S
o
m
e
 
p
u
p
i
l
s
 
m
a
y
 
b
e
 
a
b
l
e
 
t
o
 
b
r
i
n
g
 
t
h
e
r
m
o
m
e
t
e
r
s
 
t
o
 
c
l
a
s
s
,

e
.
g
.
 
f
e
v
e
r
 
t
h
e
r
m
o
m
e
t
e
r
s
,
 
c
o
o
k
i
n
g
 
t
h
e
r
m
o
m
e
t
e
r
s
,
 
F
a
h
r
e
n
h
e
i
t
 
a
n
d
 
C
e
n
t
i
g
r
a
d
e

t
h
e
r
m
o
m
e
t
e
r
s
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
r
e
a
l
i
z
e
 
t
h
a
t
 
t
h
e
r
m
o
s
t
a
t
s
 
i
n
 
h
o
m
e
s
,
 
s
c
h
o
o
l
s
,

a
n
d
 
o
t
h
e
r
 
b
u
i
l
d
i
n
g
s
,
 
u
s
e
 
t
h
e
 
b
i
m
e
t
a
l
l
i
c
 
p
r
i
n
c
i
p
l
e
 
t
o
 
c
o
n
t
r
o
l
 
t
h
e

t
e
m
p
e
r
a
t
u
r
e
 
o
f
 
r
o
o
m
s
 
i
n
 
t
h
e
 
b
u
i
l
d
i
n
g
.

T
h
e
 
F
a
h
r
e
n
h
e
i
t
 
s
c
a
l
e
 
i
s
 
c
o
m
m
o
n
l
y

u
s
e
d
 
i
n
 
t
'

U
n
i
t
e
d
 
S
t
a
t
e
s
,
 
b
u
t
 
e
n
g
i
n
e
e
r
s
 
a
n
d
 
s
c
i
e
n
t
i
s
t
s
 
p
r
e
f
e
r
 
t
h
e

C
e
n
t
i
g
r
a
d
e
 
s
c
a
l
e
.

A
c
t
i
v
i
t
i
e
s
:

F
i
l
l
 
a
 
b
o
t
t
l
e
 
w
i
t
h
 
w
a
t
e
r
 
a
n
d
 
a
d
d
 
s
o
m
e
 
f
o
o
d
 
c
o
l
o
r
.
 
a
g
 
t
o
 
i
t
.

P
l
a
c
e
 
t
h
e
 
t
u
b
i
n
g
 
i
n
t
o
 
t
h
e
 
b
o
t
t
l
e
.

H
e
a
t
 
t
h
e
 
w
a
t
e
r
 
o
n
 
a
 
h
o
t
 
p
l
a
t
e
 
a
n
d
 
n
o
t
e

t
h
e
 
c
h
a
n
g
e
 
i
n
 
t
h
a
 
l
e
v
e
l
 
o
f
 
w
a
t
e
r
 
i
n
 
t
h
e
 
t
u
b
i
n
g
.

C
o
o
l
 
t
h
e
 
w
a
t
e
r
 
a
n
d
 
n
o
t
e

t
h
e
 
c
h
a
n
g
e
.

M
a
r
k
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
p
o
s
i
t
i
o
n
s
 
o
f
 
w
a
t
e
r
 
i
n
 
t
h
e
 
t
u
b
i
n
g
 
b
y
 
h
a
v
i
n
g

a
 
p
u
p
i
l
 
t
i
e
 
a
 
c
o
l
o
r
e
d
 
s
t
r
i
n
g
 
a
t
 
t
h
e
 
d
i
f
f
e
r
e
n
t
 
w
a
t
e
r
 
l
e
v
e
l
s
.

R
e
p
e
a
t
 
t
h
i
s

a
c
t
i
v
i
t
y
 
w
i
t
h
 
a
 
t
h
e
r
m
o
m
e
t
e
r
 
i
n
 
p
l
a
c
e
 
o
f
 
t
h
e
 
b
o
t
t
l
e
.

P
l
a
c
e
 
t
h
e
r
m
o
m
e
t
e
r
 
i
n

b
o
i
l
i
n
g
 
w
a
t
e
r
 
a
n
d
 
l
a
t
e
r
 
i
n
 
i
c
e
 
w
a
t
e
r
 
t
o
 
n
o
t
e
 
t
h
e
s
e
 
t
w
o
 
r
e
a
d
i
n
g
s
 
o
n
 
t
h
e
r
m
o
m
-

e
t
e
r
 
(
C
,
F
)
.

H
a
v
e
 
o
n
e
 
o
r
 
m
o
r
e
 
p
u
p
i
l
s
 
h
o
l
d
 
t
h
e
 
t
u
b
e
 
o
f
 
a
l
c
o
h
o
l
 
i
n
 
h
i
s
 
h
a
n
d
 
a
n
d

d
e
s
c
r
i
b
e
 
w
h
a
t
 
h
a
p
p
e
n
s
 
t
o
 
t
h
e
 
c
o
l
o
r
e
d
 
a
l
c
o
h
o
l
 
i
n
 
t
h
e
 
t
u
b
e
.
B
e
n
 
F
r
a
n
k
l
i
n
 
T
h
e
r
m
o
m
e
t
e
r

H
e
a
t
 
t
h
e
 
b
i
m
e
t
a
l
l
i
c
 
s
t
r
i
p
 
w
i
t
h
 
t
h
e
 
h
o
t
 
p
l
a
t
e
 
a
n
d
 
n
o
t
e
 
t
h
e
 
c
h
a
n
g
e
 
i
n

s
h
a
p
e
 
o
f
 
t
h
e
 
r
o
d
.

T
t
e
s
z
d
t
s
_
E
L
m
c
t
e
d
:

T
h
e
 
w
a
t
e
r
 
w
i
l
l
 
e
x
p
a
n
d
 
a
n
d
 
c
o
n
t
r
a
c
t
 
a
s
 
h
e
a
t
 
i
s
 
a
d
d
e
d
 
o
r

r
e
m
o
v
e
d
.

T
h
i
s
 
c
h
a
n
g
e
 
c
a
n
 
b
e
 
o
b
s
e
r
v
e
d
 
b
y
 
m
o
v
e
m
e
n
t
 
o
f
 
t
h
e
 
c
o
l
u
m
n
 
o
f
 
c
o
l
o
r
e
d

w
a
t
e
r
 
i
n
 
c
o
e
 
t
u
b
i
n
g
.

W
a
t
e
r
 
i
s
 
n
o
t
 
u
s
e
f
u
l
 
i
n
 
t
h
e
r
m
o
m
e
t
e
r
s
 
b
e
c
a
u
s
e
 
i
t
 
b
e
c
o
m
e
s

a
 
s
o
l
i
d
 
a
t
 
0
 
°
C
 
a
n
d
 
b
e
c
a
u
s
e
 
i
t
 
e
x
p
a
n
d
s
 
w
h
e
n
 
i
t
 
a
p
p
r
o
a
c
h
e
s
 
t
h
i
s
 
f
r
e
e
z
i
n
g
 
p
o
i
n
t
.

F
a
h
r
e
n
h
e
i
t

3
2
°

14
e.

".
...

.

C
e
n
t
i
g
r
a
d
e

F
i
g
.
 
1

T
w
o
 
s
c
a
l
e
s
 
c
o
m
m
o
n
l
y
 
u
s
e
d
 
t
o
 
m
e
a
s
u
r
e

t
e
m
p
e
r
a
t
u
r
e
.

S
i
n
c
e
 
r
o
o
m
 
t
e
m
p
e
r
a
t
u
r
e
 
i
s
 
a
b
o
u
t
 
7
0
°
F
 
a
n
d
 
b
o
d
y
 
t
e
m
p
e
r
a
t
u
r
e

i
a
b
o
u
t
 
9
8
°
F
,
 
t
h
e
 
t
e
m
p
e
r
a
t
u
r
e
 
o
f
 
t
h
e
 
p
u
p
i
l
'
s
 
h
a
n
d
 
w
i
l
l
 
c
a
u
s
e

t
h
e
 
a
l
c
o
h
o
l
 
t
o
 
e
x
p
a
n
d
 
s
h
a
r
p
l
y
 
a
n
d
 
m
o
v
e
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
h
e
a
t
.

C
o
o
l
i
n
g
 
i
s
 
a
c
c
o
m
p
l
i
s
h
e
d
 
b
y
 
r
e
m
o
v
i
n
g
 
t
h
e
 
h
a
n
d
.

T
h
e
 
b
i
m
e
t
a
l
l
i
c
 
s
t
r
i
p
 
b
e
n
d
s
 
b
e
c
a
u
s
e
 
t
h
e
 
t
w
o
 
m
e
t
a
l
s
 
h
a
v
e

d
i
f
f
e
r
e
n
t
 
r
a
t
e
s
 
o
f
 
e
x
p
a
n
s
i
o
n
.

S
i
n
c
e
 
t
h
e
y
 
a
r
e
 
l
o
c
k
e
d
 
t
o
g
e
t
h
e
r

b
o
t
h
 
s
t
r
i
p
s
 
a
r
e
 
b
e
n
t
.

F
i
g
.

H
e
a
t
e
d
 
w
a
t
e
r
 
e
x
p
a
n
d
s
 
i
n

t
u
b
e
.

F
i
g
.
 
3

H
e
a
t
e
d
 
m
e
t
a
l

e
x
p
a
n
d
s
.
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E
L
E
V
E
N
T
H
 
D
A
Y
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
C
W
S

1
.

I
t
 
i
s
 
n
a
t
u
r
a
l
 
f
o
r
 
h
e
a
t
 
t
o
 
t
r
a
v
e
l

f
r
o
m

a
 
h
o
t
 
r
e
g
i
o
n
 
t
o
 
a
 
c
o
o
l
e
r

r
e
g
i
o
n
.

2
.

A
l
t
h
o
u
g
h
 
h
e
a
t
 
e
n
e
r
g
y
 
m
a
y
 
c
h
a
n
g
e
 
i
t
s
 
f
o
r
m
,

i
t
 
i
s
 
n
e
v
e
r
 
l
o
s
t
 
i
n
 
m
o
v
i
n
g
 
f
r
o
m
 
o
n
e

p
l
a
c
e

o
r
 
f
o
r
m
 
t
o
 
a
n
o
t
h
e
r
.

3
.

I
n
 
c
o
n
d
u
c
t
i
o
n
,
 
h
e
a
t
 
e
n
e
m
 
i
s

t
r
a
n
s
f
e
r
r
e
d

f
r
o
m
 
o
n
e
 
m
o
l
e
c
u
l
e
 
t
o
 
a
n
o
t
h
e
r
.

4
.

H
e
a
t
 
t
r
a
v
e
l
s
 
e
a
s
i
l
y
 
t
h
r
o
u
g
h
 
g
o
o
d

c
o
n
d
u
c
t
o
r
s
 
o
f
 
h
e
a
t
.

1
-
4
4

C
L
A
S
S
 
A
C
'
T
'
I
V
I
T
I
E
S

l
e
a
d
i
n
t
0

W
e
e
d
 
p
p
.
-
2
6
-
2
8
 
s
i
l
e
n
t
l
y
 
a
n
d

a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

c
o
n
d
u
c
t
i
o
n
,
 
t
r
a
n
s
f
e
r

M
a
t
e
r
i
a
l
s
:

c
a
n
d
l
e
,
 
P
y
r
e
x
 
d
i
s
h
,
 
m
a
t
c
h
e
s

w
a
t
e
r
,
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
,
 
m
e
t
a
l
 
s
t
r
i
p

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

B
o
w
 
d
o
e
s
 
t
h
e
 
h
e
a
t
 
t
r
a
v
e
l
 
a
l
o
n
g
 
m
e
t
a
l

s
t
r
i
p
?

2
.

W
h
e
r
e
 
h
a
s
 
h
e
a
t
 
f
r
o
m
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
 
g
o
n
e
?

H
e
l
p
 
p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
t
h
e
 
h
e
a
t
 
e
n
e
r
g
y
 
i
s

f
l
o
w
i
n
g
 
f
r
o
m

a
 
h
o
t
 
r
e
g
i
o
n
 
(
h
o
t
 
w
i
r
e
 
i
n
 
p
l
a
t
e
)
 
t
o
 
a
 
c
o
o
l
e
r

r
e
g
i
o
n
 
(
g
l
a
s
s
,
 
w
a
t
e
r
,
 
a
i
r
)
.

T
h
i
s
 
f
l
o
w
 
o
f
 
h
e
a
t
 
i
s
 
c
o
n
d
u
c
t
e
d
 
(
p
a
s
s
e
d
 
a
l
o
n
g
)
 
b
y
 
t
h
e
 
m
o
l
e
c
u
l
e
s
 
i
n
 
t
h
e
s
e

m
a
t
e
r
i
a
l
s
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
r
e
a
l
i
z
e
 
t
h
a
t
 
t
h
i
s
 
h
e
a
t
 
e
n
e
r
g
y
 
h
a
s
 
m
e
r
e
l
y
 
b
e
e
n

t
r
a
n
s
f
e
r
r
e
d
 
a
n
d
 
n
o
t
 
l
o
s
t
.

A
s
 
t
h
e
 
m
o
l
e
c
u
l
e
s
 
i
n
 
t
h
e
 
m
e
t
a
l
 
s
t
r
i
p
 
r
e
c
e
i
v
e
 
m
o
r
e
 
h
e
a
t
 
e
n
e
r
g
y
 
f
r
o
m

t
h
e
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
,
 
t
h
e
y
 
p
a
s
s
 
t
h
i
s
 
e
n
e
r
g
y
 
a
l
o
n
g
 
t
o
 
o
t
h
e
r
 
m
o
l
e
c
u
l
e
s
 
i
n

t
h
e
 
m
e
t
a
l
 
s
t
r
i
p
 
a
n
d
 
t
o
 
t
h
e
 
m
o
l
e
c
u
l
e
s
 
i
n
 
t
h
e
 
w
a
x
.

A
c
t
i
v
i
t
i
e
s
:

P
l
u
g
 
h
o
t
 
p
l
a
t
e
 
c
o
r
d
 
i
n
t
o
 
o
u
t
l
e
t
 
a
n
d
 
p
l
a
c
e
 
P
y
r
e
x
 
d
i
s
h
 
o
f

w
a
t
e
r
 
o
n
 
p
l
a
t
e
 
w
h
e
n
 
w
i
r
e
 
b
e
g
i
n
s
 
t
o
 
g
l
o
w
 
r
e
d
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
e
r
e

h
e
a
t
 
e
n
e
r
g
y
 
s
t
a
r
t
s
 
a
n
d
 
w
h
i
c
h
 
o
b
j
e
c
t
s
 
r
e
c
e
i
v
e
 
t
h
i
s
 
e
n
e
r
g
y
.

P
l
a
c
e
 
m
e
t
a
l
 
s
t
r
i
p
 
o
n
t
o
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
.

L
i
g
h
t
 
c
a
n
d
l
e
 
a
n
d
 
d
r
i
p
 
r
o
w
s
 
o
f

r
e
d
 
w
a
x
 
o
n
t
o
 
t
h
e
 
s
t
r
i
p
 
(
n
o
t
e
 
c
h
a
n
g
e
 
o
f
 
s
t
a
t
e
 
f
r
o
m
 
s
o
l
i
d
 
c
a
n
d
l
e
 
t
o
 
l
i
q
u
i
d

w
a
x
 
a
n
d
 
b
a
c
k
 
t
o
 
s
o
l
i
d
 
w
a
x
 
s
t
r
i
p
s
)
 
a
s
 
i
n
 
F
i
g
.
 
2
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
g
u
e
s
s
 
w
h
a
t
 
w
i
l
l

h
a
p
p
e
n
 
w
h
e
n
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
 
i
s
 
p
l
u
g
g
e
d
 
i
n
t
o
 
w
a
l
l
 
o
u
t
l
e
t
.

H
e
l
p
 
t
h
e
m
 
t
o

i
d
e
n
t
i
f
y
 
s
o
u
r
c
e
 
o
f
 
h
e
a
t
 
(
i
r
o
n
)
,
 
d
i
r
e
c
t
i
o
n
 
o
f
 
t
r
a
v
e
l
 
o
f
 
h
e
a
t
 
(
o
n
t
o
 
s
t
r
i
p
)
,

a
n
d
 
r
e
c
i
p
i
e
n
t
s
 
o
f
 
h
e
a
t
 
(
s
t
r
i
p
,
 
a
i
r
,
 
w
a
x
,
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
 
h
o
l
d
e
r
)
.

E
n
c
o
u
r
a
g
e

p
u
p
i
l
s
 
t
o
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
t
h
e
 
h
e
a
t
 
e
n
e
r
g
y
 
h
a
s
 
c
h
a
n
g
e
d
 
i
t
s
 
f
o
r
m
 
(
h
e
a
t
 
i
s

r
e
c
e
i
v
e
d
 
b
y
 
a
i
r
,
 
m
e
t
a
l
,
 
w
a
x
,
 
e
t
c
.
)
,
 
b
u
t
 
i
t
 
h
a
s
 
n
o
t
 
b
e
e
n
 
i
r
r
e
t
r
e
v
i
a
b
l
v
 
l
o
s
t
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
?

H
e
a
t
 
f
r
o
m
 
h
o
t
 
p
l
a
t
e
 
w
i
l
l
 
t
r
a
n
s
f
e
r
 
e
n
e
r
g
y
 
t
o
 
P
y
r
e
x
 
d
i
s
h

a
n
d
 
t
o
 
w
a
t
e
r
 
u
n
t
i
l
 
w
a
t
e
r
 
b
o
i
l
s
.

H
e
a
t
 
f
r
o
m
 
s
o
l
d
e
r
i
n
g
 
i
r
o
n
 
w
i
l
l
 
t
r
a
v
e
l

a
l
o
n
g
 
s
t
r
i
p
.

T
h
i
s
 
c
a
n
 
b
e
 
s
e
e
n
 
a
s
 
t
h
e
 
r
o
w
s
 
o
f
 
w
a
x
 
m
e
l
t
 
a
n
d
 
d
r
o
p
 
f
r
o
m
 
t
h
e

m
e
t
a
l
 
s
t
r
i
p
.

T
h
e
 
w
a
x
 
s
t
r
i
p
 
c
l
o
s
e
s
t
 
t
o
 
t
h
e
 
h
e
a
t
 
s
o
u
r
c
e
 
(
s
o
l
d
e
r
i
n
g
 
i
r
o
n
)

w
i
l
l
 
d
r
o
p
 
f
i
r
s
t
 
a
n
d
 
o
t
h
e
r
s
 
w
i
l
l
 
f
o
l
l
o
w
.

C
H
A
L
K
B
O
A
R
D
 
I
L
L
U
S
T
R
A
T
I
O
N
S

F
i
g
.
 
1

H
e
a
t
 
f
r
o
m
 
h
o
t
 
p
l
a
t
e
 
w
i
r
e
s

i
s
 
c
o
n
d
u
c
t
e
d
 
t
o
 
P
y
r
e
x
 
g
l
a
s
s
,
 
t
o

w
a
t
e
r
,
 
t
o
 
a
i
r
.

w
a
x
 
s
t
r
i
p
s

F
i
g

2
H
e
a
t
 
f
r
o
m
 
s
o
l
d
e
r
i
n
g

i
r
o
n
 
i
s
 
c
o
n
d
u
c
t
e
d
 
a
l
o
n
g
 
m
e
t
a
l

s
t
r
i
p
 
t
o
 
e
a
c
h
 
s
t
r
i
p
 
o
f
 
w
a
x
.



T
W
E
L
F
T
H
 
D
A

-
G
E
N
E
R
A
L
I
Z
A
T
I
O
N
S

1
-
4
5

I
.

M
e
t
a
l
s
 
c
o
n
d
u
c
t
 
h
e
a
t
 
b
a
t
t
e
r
 
t
h
a
n

l
i
q
u
i
d
s

o
r
 
g
a
s
e
s
.

2
.

T
h
e
r
e
 
a
r
e
 
s
o
m
e
 
m
a
t
e
r
i
a
l
s
 
t
h
r
o
u
g
h
w
h
i
c
h

h
e
a
t
 
d
o
t
s
 
n
o
t
 
t
r
a
v
e
l
 
e
a
s
i
l
y

a
n
d
 
t
h
e
y

a
r
e
 
c
a
l
l
e
d
 
p
o
o
r

c
o
n
d
u
c
t
o
r
s
 
o
f
 
b
e
a
t

o
r
 
i
n
s
u
l
a
t
o
r
s
.

3
.

P
a
p
e
r
,
 
w
a
t
e
r
,
 
a
i
r
 
a
n
d
 
g
l
a
s
s
 
a
r
e

o
f
t
e
n

u
s
e
d
 
a
s
 
i
n
s
u
l
a
t
o
r
s
.

4
.

P
o
o
r
 
c
o
n
d
u
c
t
o
r
s
 
c
a
n
 
b
e
 
u
s
e
d
 
t
o

k
e
e
p
 
t
h
i
n
g
s

h
o
t
 
o
r
 
c
o
l
d
.

5
.

A
n
 
i
n
s
u
l
a
t
o
r
 
k
e
e
p
s
 
m
o
s
t
 
o
f
 
t
h
e
 
b
e
a
t

f
r
o
m

m
o
v
i
n
g
 
i
n
t
o
 
a
 
c
o
o
l
e
r
 
r
e
g
i
o
n
.

R
e
a
d
i
n
g
:

B
e
a
d
 
p
p
.
 
2
6
-
2
3
 
s
i
l
e
n
t
l
y

a
n
d
 
a
l
o
u
d
.

N
e
w
 
W
o
r
d
s
:

i
n
s
u
l
a
t
o
r

M
a
t
e
r
i
a
l
s
:

w
a
t
e
r
,
 
c
a
n
d
l
e
,
 
h
o
t
 
p
l
a
t
e
,

P
y
r
e
x
 
b
o
w
l
s
,
 
m
e
t
a
l
s
,
 
n
o
n
-
c
o
n
d
u
c
t
o
r
s
,

c
o
n
d
u
c
t
o
r
s
,
 
m
a
t
c
h
e
s
.

P
u
p
i
l
s
 
Q
u
e
s
t
i
o
n
s
:

1.
H

ow
 d

o 
w

e
u
t
e
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
s
?

2
.

W
h
y
 
d
i
d
 
o
n
l
y
 
o
n
e
 
p
a
p
e
r
 
c
u
p
 
f
e
e
l

h
o
t
?

D
i
s
c
u
s
s
i
o
n
:

P
u
p
i
l
s
 
s
h
o
u
l
d
 
r
e
a
l
i
z
e
 
t
h
a
t
 
g
o
o
d
 
c
o
n
d
u
c
t
o
r
s
 
h
a
v
e
 
t
h
e
i
r
 
p
r
a
c
t
i
c
a
l

u
s
e
s
 
i
n
 
m
a
k
i
n
g
 
c
o
o
k
i
n
g
 
u
t
e
n
s
i
l
*
,
 
s
t
o
v
e
s
,
 
i
r
o
n
s

a
n
d
 
s
i
m
i
l
a
r
 
a
p
p
l
i
a
n
c
e
s
.

H
o
w
e
v
e
r
,
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
s
 
a
r
e
 
a
l
s
o
 
i
m
p
o
r
t
a
n
t
.

T
h
e
 
l
a
t
t
e
r
 
a
r
e
 
p
a
r
t
i
c
u
l
a
r
l
y

u
s
e
f
u
l
 
i
n
 
i
n
s
u
l
a
t
i
n
g
 
b
u
i
l
d
i
n
g
s
 
t
o
 
k
e
e
p
 
t
h
e
 
b
e
a
t
 
i
n
s
i
d
e
 
i
n
 
w
i
n
t
e
r
 
a
n
d
 
t
h
e

1
.
3

4
`

c
o
l
d
 
o
u
t
s
i
d
e
.

P
o
o
r
 
c
o
n
d
u
c
t
o
r
s
 
i
n
s
u
l
a
t
e
 
o
u
r
 
r
e
f
r
i
g
e
r
a
t
o
r
s
,
 
o
u
r
 
c
l
o
t
h
e
s

w
 
i
n
s
u
l
a
t
e
 
o
u
r
 
b
o
d
i
e
s
 
i
n
 
t
h
e
 
w
i
n
t
e
r
,
 
a
n
d
 
e
v
e
n
 
o
u
r

e
a
r
t
h
 
i
s
 
i
n
s
u
l
a
t
e
d
 
b
y
 
t
h
a
t

v
e
r
y
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
 
o
f
 
h
e
a
t
 
-
-
 
a
i
r
.

D
i
s
c
u
s
s
 
w
i
t
h
 
t
h
e
 
p
u
p
i
l
s
 
o
t
h
e
r
 
i
n
s
u
l
a
t
i
n
g

m
a
t
e
r
i
a
l
s
 
t
h
e
y
'
v
e
 
s
e
e
n
 
a
t
 
h
o
m
e
 
o
r
 
i
n
 
s
t
o
r
e
s
.

A
c
t
i
v
i
t
i
e
s
:
 
P
l
a
c
e
 
d
i
f
f
e
r
e
n
t
 
o
b
j
e
c
t
s
 
i
n
t
o
 
b
o
i
l
i
n
g
 
w
a
t
e
r
 
f
o
r
 
a
b
o
u
t
 
t
w
o
 
m
i
n
u
t
e
s
.

R
o
u
g
h
l
y
 
c
l
a
s
s
i
f
y
 
e
a
c
h
 
o
b
j
e
c
t
 
a
s
 
p
o
o
r
 
c
o
n
d
u
c
t
o
r
 
o
r
 
a
s
 
g
o
o
d
 
c
o
n
d
u
c
t
o
r
 
o
f
 
h
e
a
t

a
c
c
o
r
d
i
n
g
 
t
o
 
"
t
o
u
c
h
.
"

P
o
u
r
 
s
o
m
e
 
h
o
t
 
w
a
t
e
r
 
i
n
t
o
 
t
h
e
 
t
w
o
 
p
a
p
e
r
 
c
u
p
s
 
i
n
c
l
u
d
e
d
 
i
n
 
t
h
e
 
k
i
t
.

A
s
k

p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
o
n
e
 
c
u
p
 
f
e
e
l
s
 
h
o
t
 
a
n
d
 
t
h
e
 
o
t
h
e
r
 
c
u
p
 
d
o
e
s
n
'
t
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
a
b
l
e
 
1
 
s
h
o
w
s
 
m
a
j
o
r
 
c
l
a
s
s
e
s
 
o
f
 
g
o
o
d
 
c
o
n
d
u
c
t
o
r
s
 
a
n
d

p
o
o
r
 
c
o
n
d
u
c
t
o
r
s
 
o
f
 
h
c
e
t
.

B
e
c
a
u
s
e
 
o
n
e
 
p
a
p
e
r
 
c
u
p
 
h
a
s
 
m
a
n
y
 
a
i
r
 
s
p
a
c
e
s
 
a
n
d
 
t
h
e

o
t
h
e
r
 
c
u
p
 
d
o
e
s
 
n
o
t
,
 
b
u
t
 
w
i
l
l
 
b
e
 
t
r
a
n
s
f
e
r
r
e
d
 
r
e
a
d
i
l
y
 
t
h
r
o
u
t
h
 
o
n
e
 
p
a
p
e
r
 
c
u
p

a
n
d
 
h
e
a
t
 
i
s
 
b
a
r
e
l
y
 
n
o
t
i
c
e
a
b
l
e
 
f
o
r
 
t
h
e
 
o
t
h
e
r
 
c
u
p
.

P
a
p
e
r
 
C
u
p

P
l
a
s
t
i
c
 
P
o
a
m
 
C
u
p

F
i
g
.
 
1

P
l
a
s
t
i
c
 
c
u
p
 
h
a
s
 
a
i
r
 
s
p
a
c
e
s
 
f
o
r
 
i
n
s
u
l
a
t
i
o
n

T
a
b
l
e
 
1

C
o
n
d
u
c
t
o
r
s
 
o
f
 
H
e
a
t

G
o
o
d
 
C
o
n
d
u
c
t
o
r
s

s
i
l
v
e
r

i
r
o
n

a
l
u
m
i
n
u
m

c
o
p
p
e
r

=
c
a
t
 
m
e
t
a
l
s

P
o
o
r
 
C
o
n
d
u
c
t
o
r
s

a
i
r

g
l
a
s
s

p
a
p
e
r

w
o
o
d

w
a
t
e
r

a
s
b
e
s
t
o
s



T
H
I
R
T
E
E
N
T
H
 
A
N
D
 
F
O
U
R
T
E
E
N
T
H
D
A
Y
S
 
-
-
G
E
N
E
R
A
L
I
Z
A
T
I
C
N
S

1
.

C
o
n
v
e
c
t
i
o
n
 
i
s
 
t
h
e
 
t
r
a
n
s
f
e
r

o
f
 
h
e
a
t

e
n
e
r
g
y

o
f
 
m
o
l
e
c
u
l
e
s
 
i
n
 
m
o
v
i
n
g

c
u
r
r
e
n
t
s
 
o
f
 
f
l
u
i
d
s
.

2
.
 
C
o
n
v
e
c
t
i
o
n
 
c
u
r
r
e
n
t
s
 
i
n
 
f
l
u
i
d
s
 
a
r
e

c
r
e
a
t
e
d
 
w
h
e
n
 
l
i
g
h
t
e
r
 
p
a
r
t
s
 
o
f
 
a

f
l
u
i
d

a
r
e
 
f
o
r
c
e
d
 
u
p
w
a
r
d
 
b
y

c
o
o
l
e
r
 
a
n
d
 
h
e
a
v
i
e
r

p
a
r
t
s
 
w
h
i
c
h
 
g
r
a
v
i
t
y
f
o
r
c
e
s
 
d
o
w
n
w
a
r
d
s
.

3
.

C
o
n
v
e
c
t
i
o
n
 
c
u
r
r
e
n
t
s
 
i
n
 
a
i
r
 
o
c
c
u
r
w
h
e
n

w
a
r
m
 
a
i
r
 
i
s
 
p
u
s
h
e
d
 
u
p
w
a
r
d
s

b
y
 
c
o
l
d
e
r
,

h
e
a
v
i
e
r
 
a
i
r
 
w
h
i
c
h
 
h
a
s
 
b
e
e
n
 
p
u
l
l
e
d

d
o
w
n
-

w
a
r
d
 
b
y
 
g
r
a
v
i
t
y
.

4
.

H
e
a
t
 
i
s
 
t
r
a
n
s
f
e
r
r
e
d
 
b
y
m
o
l
e
c
u
l
e
s
 
i
n
 
t
h
e

c
o
n
v
e
c
t
i
o
n
 
c
u
r
r
e
n
t
 
t
o
 
o
t
h
e
r
 
m
o
l
e
c
u
l
e
s

i
n
 
t
h
e
 
f
l
u
i
d
.

5
.

A
t
m
o
s
p
h
e
r
i
c
 
c
i
r
c
u
l
a
t
i
o
n

a
n
d
 
o
r
d
i
n
a
r
y

v
e
n
t
i
l
a
t
i
o
n
 
d
e
p
e
n
d
 
u
p
o
n
 
c
o
n
v
e
c
t
i
o
n

c
u
r
r
e
n
t
s
.

1
-
4
6

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
2
9
-
3
0
 
s
i
l
e
n
t
l
y
 
a
n
d

a
l
o
u
d
.

R
e
a
d
 
p
p
.
 
3
4
-
4
1
 
a
s
 
t
i
m
e
 
p
e
r
m
i
t
s
.

N
e
w
 
W
o
r
d
s
:

c
o
n
v
e
c
t
i
o
n
,
 
g
r
a
v
i
t
y
,

a
t
m
o
s
p
h
e
r
e
,
 
c
i
r
c
u
l
a
t
i
o
n

M
a
t
e
r
i
a
l
s
:

w
a
t
e
r
,
 
m
e
t
a
l
 
s
p
i
r
a
l
,

c
a
n
d
l
e
,
 
g
l
a
s
s
 
t
u
b
e
,
 
c
o
l
o
r
i
n
g
m
a
t
e
r
i
a
l

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
y
 
d
o
e
s
 
t
h
e
 
w
a
r
m
 
a
i
r
 
g
o
 
u
p
w
a
r
d
s
?

2
.

W
h
a
t
'
s
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n

c
o
n
d
u
c
t
i
o
n
 
a
n
d
 
c
o
n
v
e
c
t
i
o
n
?

D
i
s
c
u
s
s
i
o
n
:
 
I
n
 
c
o
n
v
e
c
t
i
o
n
,
 
t
h
e
 
m
o
l
e
c
u
l
e
s

o
f
 
w
a
r
m
 
f
l
u
i
d
 
a
r
e
 
l
i
t
e
r
a
l
l
y
 
m
o
v
e
d

a
n
d
 
t
h
e
i
r
 
p
l
a
c
e
s
 
a
r
e
 
o
c
c
u
p
i
e
d
 
b
y

t
h
e
 
m
o
l
e
c
u
l
e
s
 
o
f
 
t
h
e
 
c
o
o
l
 
f
l
u
i
d
.

I
n
 
o
n
e

s
e
n
s
e
 
t
h
e
 
c
o
l
o
r
e
d
 
m
a
t
e
r
i
a
l
 
m
a
y
 
h
e
l
p
 
t
o
e
s
t
a
b
l
i
s
h
 
t
h
e
 
c
o
n
c
e
p
t
 
t
h
a
t
 
i
t
 
i
s
 
n
o
t

m
e
r
e
l
y
 
e
n
e
r
g
y
 
w
h
i
c
h
 
i
s
 
b
e
i
n
g
 
t
r
a
n
s
f
e
r
r
e
d
,
b
u
t
 
t
h
e
 
m
o
l
e
c
u
l
e
s
 
o
f
 
m
a
t
t
e
r
 
a
r
e

a
l
s
o
 
b
e
i
n
g
 
t
r
a
n
s
f
e
r
r
e
d
.

T
h
i
s
 
t
r
a
n
s
f
e
r
 
b
r
i
n
g
s
 
e
x
c
i
t
e
d
,
 
h
i
g
h
 
e
n
e
r
g
y
m
o
l
e
c
u
l
e
s

i
n
t
o
 
c
o
n
t
a
c
t
 
w
i
t
h
 
c
o
l
d
,
 
l
o
w
e
r
 
e
n
e
r
g
y
 
m
o
l
e
c
u
l
e
s
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
c
o
n
v
e
c
t
i
o
n
 
c
u
r
r
e
n
t
s

o
c
c
u
r
 
i
n
 
t
h
e
 
e
a
r
t
h
'
s

a
t
m
o
s
p
h
e
r
e
 
a
n
d
 
p
r
o
d
u
c
e
 
w
i
n
d
s
.

V
e
n
t
i
l
a
t
i
o
n
 
o
f
 
r
o
o
m
s
 
i
n
 
b
u
i
l
d
i
n
g
s
 
o
f
t
e
n

d
e
p
e
n
d
 
u
p
o
n
 
g
r
a
v
i
t
y
 
t
o
 
p
u
l
l
 
t
h
e
 
c
o
l
d
,
 
h
e
a
v
y
 
a
i
r
d
o
w
n
 
t
o
 
t
h
e
 
f
u
r
n
a
c
e
 
t
o
 
b
e

h
e
a
t
e
d
.

A
c
t
i
v
i
t
i
e
s
:
 
L
i
g
h
t
 
a
 
c
a
n
d
l
e
 
a
n
d
 
h
o
l
d
 
t
h
e
 
m
e
t
a
l
 
s
p
i
r
a
l
 
o
v
e
r
t
h
e
 
f
l
a
m
e
 
(
F
i
g
.
 
1
)
.

A
s
k
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
w
h
y
 
t
h
e
 
s
p
i
r
a
l
 
t
u
r
n
s
.

N
o
t
e
 
t
h
a
t
 
i
t
 
t
u
r
n
s
 
i
n
 
a

c
l
o
c
k
w
i
s
e
 
d
i
r
e
c
t
i
o
n
.

M
o
v
e
 
t
h
e
 
s
p
i
r
a
l
 
a
w
a
y
 
f
r
o
m
 
t
h
e
 
h
e
a
t
 
a
n
d
 
n
o
t
e

t
h
a
t

t
h
e
 
t
u
r
n
i
t
g
:
s
t
o
p
s
.

B
l
o
w
 
d
t
n
w
a
r
d
 
o
n
t
o
 
t
h
e
 
t
o
p
 
o
f
 
t
h
e
 
s
p
i
r
a
l
 
a
n
d
 
n
o
t
e

w
h
i
c
h
 
d
i
r
e
c
t
i
o
n
 
t
h
e
 
s
p
i
r
a
l
 
t
u
r
n
s
.

F
i
l
l
 
t
h
e
 
r
e
c
t
a
n
g
u
l
a
r
 
t
u
b
e
 
w
i
t
h
w
a
t
e
r
 
a
n
d
 
p
l
a
c
e
 
t
h
e

c
o
l
o
r
e
d
 
m
a
t
e
r
i
a
l

i
n
s
i
d
e
 
t
h
e
 
t
u
b
e
.

C
a
l
l
 
a
t
t
e
n
t
i
o
n
 
t
o
w
h
e
r
e
 
t
h
e
 
c
o
l
o
r
e
d
 
m
a
t
e
r
i
a
l

i
s
 
i
n
s
i
d
e

F
i
g
.
 
1

M
e
t
a
l
 
s
p
i
r
a
l

t
u
r
n
s
 
c
l
o
c
k
w
i
s
e
 
a
s

h
o
t
 
a
i
r
 
r
i
s
e
s
 
f
r
o
m

c
a
n
d
l
e
,

F
i
g
.
 
2

C
a
n
d
l
e
 
h
e
a
t
s

w
a
t
e
r
 
a
n
d
 
s
e
t
s
 
u
p

c
o
n
v
e
c
t
i
o
n
 
c
u
r
r
e
n
t
 
i
n

t
u
b
e
 
o
f
 
w
a
t
e
r
.

t
h
e
 
t
u
b
e
.

H
e
a
t
 
o
n
e
 
s
i
d
e
 
o
f
 
t
h
e
 
t
u
b
e
 
(
P
i
g
.

2
)
 
a
n
d
 
a
s
k
 
p
u
p
i
l
s
 
t
o

e
x
p
l
a
i
n
 
w
h
a
t
 
t
h
e
y
o
b
s
e
r
v
e
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:

T
h
e
 
a
i
r
 
d
i
r
e
c
t
l
y
 
a
b
o
v
e
 
t
h
e
 
c
a
n
d
l
e

i
s
 
h
e
a
t
e
d

a
n
d
 
e
x
p
a
n
d
s
.

C
o
o
l
e
r
 
a
i
r
 
p
u
s
h
e
s
 
t
h
e
 
h
o
t
 
a
i
r
 
u
p
w
a
r
d
s
.

A
s
 
i
t
 
i
s

p
u
s
h
e
d
 
u
p
w
a
r
d
s
,
 
t
h
e
 
w
a
r
m
a
i
r
 
e
n
c
o
u
n
t
e
r
s
 
t
h
e
 
s
p
i
r
a
l
 
a
n
d
 
e
x
e
r
t
s

t
h
e
 
s
l
i
g
h
t
 
f
o
r
c
e
 
w
h
i
c
h
 
i
s
 
n
e
c
e
s
s
a
r
y
t
o
 
t
u
r
n
 
t
h
e
 
s
p
i
r
a
l
 
i
n
 
c
l
o
c
k
-

w
i
s
e
 
d
i
r
e
c
t
i
o
n
.

W
h
e
n
 
t
h
e
 
f
l
a
m
e
 
i
s
 
e
x
t
i
n
g
u
i
s
h
e
d
,
 
t
h
e
a
i
r
 
a
b
o
v
e

t
h
e
 
c
a
n
d
l
e
 
i
s
 
a
b
o
u
t
 
t
h
e
 
s
a
m
e
 
t
e
m
p
e
r
a
t
u
r
e
 
a
s

t
h
e
 
s
u
r
r
o
u
n
d
i
n
g
 
a
i
r
.

T
h
e
r
e
f
o
r
e
,
 
i
t
 
i
s
 
n
o
t
 
p
u
s
h
e
d
 
u
p
w
a
r
d

a
n
d
 
d
o
e
s
 
n
o
t
 
s
o
m
e
 
t
h
e
 
s
p
i
r
a
l
.

I
f
 
y
o
u
 
b
l
o
w
 
d
o
w
n
w
a
r
d
 
o
n
t
o
 
t
h
e
 
t
o
p
o
f
 
s
p
i
r
a
l
,
 
t
h
e
 
f
o
r
c
e
 
o
f
 
y
o
u
r

b
r
e
a
t
h
 
t
u
r
n
s
 
t
h
e
 
s
p
i
r
a
l
 
i
n
 
c
o
u
n
t
e
r
c
l
o
c
k
w
i
s
e

d
i
r
e
c
t
i
o
n
.

W
h
e
n
 
t
h
e
 
w
a
t
e
r
 
i
s
 
a
b
o
u
t
 
t
h
e
 
s
a
m
e
 
t
e
m
p
e
r
a
t
u
r
e
,

t
h
e
r
e
 
i
s
 
n
o

d
i
f
f
e
r
e
n
c
e
 
i
n
 
t
h
e
 
w
e
i
g
h
t
 
o
f
 
t
h
e
 
w
a
t
e
r
.

A
n
n
 
t
h
e
 
b
e
a
t
 
i
s
 
a
p
p
l
i
e
d

t
o
 
o
n
e
 
s
i
d
e
 
o
f
 
t
h
e
 
t
u
b
e
,
 
t
h
a
t
 
w
a
t
e
r

i
s
 
h
e
a
t
e
d
 
a
n
d
 
i
s
 
f
o
r
c
e
d

u
p
w
a
r
d
 
b
y
 
t
h
e
 
i
n
f
l
o
w
 
o
f
 
c
o
o
l
e
r
 
(
h
e
a
v
i
e
r
)

w
a
t
e
r
.

T
h
i
s
 
c
y
c
l
e

c
o
n
t
i
n
u
e
s
 
a
n
d
 
c
a
n
 
b
e
 
o
b
s
e
r
v
e
d
 
b
y
 
w
a
t
c
h
i
n
g
 
t
h
e

c
o
l
o
r
e
d
 
m
a
t
e
r
i
a
l

f
l
o
w
 
i
n
 
a
 
c
y
c
l
e
.



F
I
F
T
E
E
N
T
H
 
D
A
Y
 
-
-
 
G
E
N
E
R
A
L
I
Z
A
T
I
C
N
S

1
-
4
7

C
H
A
U
M
O
O
D
 
I
I
I
S
S
I
T
A
T
/
O
R
S

1
.

R
a
d
i
a
n
t
 
e
n
e
r
g
y
 
i
s
 
e
m
i
t
t
e
d
 
b
y
 
a
l
m
o
s
t
 
a
l
l

m
a
t
e
r
i
a
l
s
.

2
.

A
l
t
h
o
u
g
h
 
m
o
s
t
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y
 
c
a
n
n
o
t
 
b
e

s
e
e
n
,
 
i
t
 
t
r
a
v
e
l
s
 
l
i
k
e
 
r
a
y
s
 
o
f
 
l
i
g
h
t
.

3
.

E
n
e
r
g
y
 
f
r
o
m
 
t
h
e
 
s
u
n
 
t
r
a
v
e
l
s
 
t
o
 
e
a
r
t
h

b
y
 
r
a
d
i
a
t
i
o
n
.

4
.

W
h
e
n
 
a
n
 
o
b
j
e
c
t
 
a
b
s
o
r
b
s
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y
,

i
t
s
 
m
o
l
e
c
u
l
e
s
 
m
o
v
e
 
f
a
s
t
e
r
 
a
n
d
 
i
n
c
r
e
a
s
e

i
t
s
 
h
e
a
t
 
e
n
e
r
g
y
.

5
.

M
i
r
r
o
r
s
 
a
n
d
 
s
h
i
n
n
i
n
g
 
s
u
r
f
a
c
e
s
 
r
e
f
l
e
c
t

r
a
d
i
a
n
t
 
e
n
e
r
g
y
.

6
.

D
a
r
k
 
o
b
j
e
c
t
s
 
a
b
s
o
r
b
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y
.

R
e
a
d
i
n
g
:

R
e
a
d
 
p
p
.
 
3
1
-
3
3
 
s
i
l
e
n
t
l
y
 
a
n
d

a
l
o
u
d
.

R
e
a
d
 
p
p
.
 
4
2
-
4
7
 
a
s
 
t
i
m
e

p
e
r
m
i
t
s
.

N
e
w
 
W
o
r
d
s
:

R
a
d
i
a
t
i
o
n
,
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y
,
 
a
b
s
o
r
b
,

r
a
y
s

M
a
t
e
r
i
a
l
s
:

f
i
l
m
s
t
r
i
p
 
p
r
o
j
e
c
t
o
r
,
 
b
l
a
c
k
 
a
n
d

w
h
i
t
e
 
p
a
p
e
r
s
,
 
t
w
o
 
t
h
e
r
m
o
m
e
t
e
r
s

P
u
p
i
l
 
Q
u
e
s
t
i
o
n
s
:

1
.

W
h
y
 
i
s
 
r
a
d
i
a
t
i
o
n
 
i
m
p
o
r
t
a
n
t
?

2
.

W
h
y
 
d
i
d
 
t
h
e
 
p
u
p
i
l
'
s
 
h
a
n
d
 
f
e
e
l
w
a
r
m
 
w
h
e
n

t
h
e
 
l
i
g
h
t
 
s
t
r
u
c
k
 
i
t
?

D
i
s
c
u
s
s
i
o
n
:

H
e
l
p
.
p
u
p
i
l
s
 
t
o
 
r
e
a
l
i
z
e
 
t
h
a
t
 
r
a
d
i
a
t
i
o
n
 
i
s

t
h
e
 
m
e
a
n
s
 
w
h
i
c
h
 
b
r
i
n
g
s

t
o
 
e
a
r
t
h
 
a
l
l
 
o
f
 
t
h
e
 
e
n
e
r
g
y
 
w
h
i
c
h
w
e
 
r
e
c
e
i
v
e
 
f
r
o
m
 
t
h
e
 
s
u
n
.

W
i
t
h
o
u
t
 
t
h
i
s
 
f
o
r
m

o
f
 
e
n
e
r
g
y
,
 
l
i
f
e
 
w
o
u
l
d

c
e
a
s
e
 
t
o
 
e
x
i
s
t
.

T
h
e
 
v
i
s
i
b
l
e
 
l
i
g
h
t
 
r
a
y
s
 
f
r
o
m
 
t
h
e

p
r
o
j
e
c
t
o
r

a
r
e
 
o
n
l
y
 
a
 
s
m
a
l
l
 
p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
r
a
d
i
a
n
t

e
n
e
r
g
y
 
w
h
i
c
h
 
t
h
e
 
e
a
r
t
h
 
r
e
c
e
i
v
e
s
.

P
u
p
i
l
s
 
s
h
o
u
l
d
 
r
e
c
o
g
n
i
z
e
 
t
h
a
t
 
a
l
t
h
o
u
g
h
m
o
s
t
 
r
a
d
i
a
n
t
 
e
n
e
r
g
y
 
c
a
n
n
o
t
 
b
e

"
s
e
e
n
,
"
 
i
t
 
h
a
s
 
b
e
e
n
 
f
o
u
n
d

t
o
 
b
e
 
v
e
r
y
 
s
i
m
i
l
a
r
 
t
o
 
v
i
s
i
b
l
e
 
l
i
g
h
t
.

T
h
a
t
 
i
s
,
 
i
t

t
r
a
v
e
l
s
 
v
e
r
y
 
r
a
p
i
d
l
y
 
i
n
 
s
t
r
a
i
g
h
t

l
i
n
e
s
;
 
a
n
d
 
i
t
 
m
a
y
 
b
e
 
f
e
f
l
e
c
t
e
d
 
b
y
m
i
r
r
o
r
s
,

b
e
n
t
 
b
y
 
l
e
n
s
e
s
,
 
o
r
 
a
b
s
o
r
b
e
d
 
b
y

o
b
j
e
c
t
s
.

A
c
t
i
v
i
t
i
e
s
:

H
a
v
e
 
a
 
p
u
p
i
l
 
s
t
a
n
d
 
c
l
o
s
e
 
t
o
 
t
h
e
 
f
i
l
m
s
t
r
i
p

p
r
o
j
e
c
t
o
r
.

D
i
r
e
c
t

t
h
e
 
b
e
a
m
 
o
f
 
l
i
g
h
t
 
f
r
o
m
 
t
h
e

p
r
o
j
e
c
t
o
r
 
o
n
t
o
 
h
i
s
 
h
a
n
d
.

A
s
k
 
h
i
m
 
t
o
 
e
x
p
l
a
i
n
 
w
h
a
t

h
e
 
f
e
l
t
 
w
h
e
n
 
t
h
e
 
l
i
g
h
t

w
a
s
 
t
u
r
n
e
d
 
o
n
.

T
u
r
n
 
o
f
f
 
t
h
e
 
p
r
o
j
e
c
t
o
r
 
a
n
d
 
a
s
k

t
h
e

p
u
p
i
l
 
i
f
 
h
i
s
 
h
a
n
d
 
w
a
s
 
c
o
o
l
e
r
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
e
x
p
l
a
i
n
 
t
h
e
 
h
e
a
t
i
n
g

b
y
 
l
i
g
h
t
.

P
l
a
c
e
 
a
 
b
l
a
c
k
 
p
a
p
e
r

o
v
e
r
 
o
n
e
 
t
h
e
r
m
o
m
e
t
e
r
 
a
n
d
 
a
 
w
h
i
t
e

p
a
p
e
r
 
o
v
e
r
 
a

s
e
c
o
n
d
 
t
h
e
r
m
o
m
e
t
e
r
.

D
i
r
e
c
t
 
t
h
e
 
l
i
g
h
t
 
f
r
o
m
 
t
h
e
 
p
r
o
j
e
c
t
o
r

o
n
t
o
 
e
a
c
h
 
p
a
p
e
r
 
f
o
r

t
h
e
 
s
a
m
e
 
t
i
m
e
 
a
n
d
 
a
t
 
t
h
e

s
a
m
e
 
d
i
s
t
a
n
c
e
.

E
n
c
o
u
r
a
g
e
 
p
u
p
i
l
s
 
t
o
 
e
s
t
i
m
a
t
e
 
t
h
e

t
e
m
p
e
r
a
t
u
r
e
s
 
a
f
t
e
r
 
f
i
v
e
 
m
i
n
u
t
e
s
 
o
f
 
l
i
g
h
t
.

R
e
s
u
l
t
s
 
E
x
p
e
c
t
e
d
:
 
A
s
 
s
o
o
n
 
a
s
 
t
h
e
 
l
i
g
h
t
 
s
t
r
i
k
e
s
h
i
s
 
h
a
n
d
,
 
t
h
e
 
p
u
p
i
l
 
w
i
l
l
 
f
e
e
l

a
 
w
a
r
m
t
h
.

T
h
i
s
 
i
s
 
c
a
u
s
e
d
 
b
y
 
t
h
e
 
r
a
d
i
a
n
t

e
n
e
r
g
y
 
(
l
i
g
h
t
)
 
w
h
i
c
h
 
i
s
 
a
b
s
o
r
b
e
d
 
b
y

t
h
e
 
h
a
n
d
 
a
n
d
 
"
s
e
n
s
e
d
"
 
a
s
 
h
e
a
t

e
n
e
r
g
y
.

W
h
e
n
 
t
h
e
 
l
i
g
h
t
 
i
s
 
t
u
r
n
e
d
 
o
f
f
,
 
t
h
e
w
a
r
m

f
e
e
l
i
n
g
 
w
i
l
l
 
a
l
s
o
 
e
n
d
.

B
l
a
c
k
 
o
r
 
c
o
l
o
r
e
d
 
m
a
t
e
r
i
a
l
s
 
w
i
l
l
 
a
b
s
o
r
b
 
r
a
d
i
a
n
t

e
n
e
r
g
y
,

w
h
i
l
e
 
p
o
l
i
s
h
e
d
 
s
u
r
f
a
c
e
s
 
o
r
 
m
i
r
r
o
r
s
 
r
e
f
l
e
c
t
 
t
h
i
s

e
n
e
r
g
y
.

T
h
e
r
e
-

f
o
r
e
 
t
h
e
 
t
h
e
r
m
o
m
e
t
e
r
 
u
n
d
e
r
 
t
h
e
 
b
l
a
c
k

p
a
p
e
r
 
w
i
l
l
 
i
n
d
i
c
a
t
e
 
a

h
i
g
h
e
r
 
t
e
m
p
e
r
a
t
u
r
e
 
t
h
a
n
 
t
h
e
 
t
h
e
r
m
o
m
e
t
e
r
 
u
n
d
e
r
 
t
h
e
w
h
i
t
e
 
p
a
p
e
r
.

F
i
g
.
 
1

W
h
i
t
e
 
a
n
d
 
b
l
a
c
k
 
p
a
p
e
r
s
 
a
b
s
o
r
b
 
d
i
f
f
e
r
e
n
t

a
m
o
u
n
t
s
 
o
f

h
e
a
t
 
f
r
o
m
 
l
a
m
p
.



S
I
X
T
E
E
N
T
H
 
D
A
Y

S
H
O
W
 
F
I
L
M
 
T
R
I
P
 
#
3

"
H
O
W
 
H
E
A
T
 
M
A
N
T
I
S
 
"

J
A
N
 
H
A
N
D
Y
 
D
E
T
R
O
I
T
 
H
I
C
H
 
.

H
A
V
E
 
C
A
P
T
I
O
N
S
 
R
E
A
D
 
A
L
O
U
D
 
L
N
 
C
L
A
S
S

T
H
I
S
 
P
A
G
E
 
I
N
C
L
U
D
E
D
 
T
H
E
 
E
X
A
C
T
 
T
E
X
T
 
U
S
E
D
 
L
I

T
H
E
 
C
A
P
T
I
O
N
S
 
O
F
 
T
I
E
 
F
I
L
M
S
T
R
I
P
.

U
S
I
N
G
 
T
H
I
S

c
h

T
E
X
T
,
 
T
H
E
 
T
E
A
G
R
e
.
h
 
C
O
U
L
D
 
P
R
E
V
I
I
T
'
M
A
I
N
 
I
D
E
A
S

T
O
 
E
M
P
H
A
S
I
7
7
 
I
N
 
T
H
E
 
F
I
L
M
S
T
R
I
P
.

T
H
E
 
T
E
X
T

I
S
 
N
O
T
 
L
I
C
I
U
D
F
D
 
H
F
R
7
 
I
I
 
O
R
D
E
R
 
T
O
 
A
V
O
I
D
 
L
I

F
R
I
N
G
E
W
N
T
 
C
F
 
J
A
M
 
H
A
N
D
Y
 
C
O
P
Y
R
I
G
H
T
.



1
-
4
9

H
A
T
M
I
A
L
S
 
L
I
C
I
X
T
D
E
D
 
I
N
 
K
I
T
 
F
O
R
 
}
E
A
T
 
U
N
I
T

b
a
l
l
o
o
n
s

g
l
a
s
s
 
t
u
b
e
s

b
a
b
y
 
b
o
t
t
l
e

f
o
o
d
 
c
o
l
o
r
i
n
g

h
o
t
 
p
l
a
t
e

b
o
t
t
l
e
 
c
a
p

b
o
t
t
l
e
 
o
f
 
a
l
c
o
h
o
l

j
a
r
 
(
f
o
r
 
w
a
t
e
r
)

c
o
t
t
o
n
 
s
w
a
b
s

c
a
n
d
l
e
s

P
y
r
e
x
 
d
i
s
h

m
a
t
c
h
e
s

3
5
 
t
e
x
t
b
o
o
k
s
:
 
T
h
e
o
d
o
r
e
 
W
.
 
M
u
n
c
h
,

B
e
n
e
f
i
c
 
P
r
e
s
s
,
 
C
h
i
c
a
g
o
,
 
1
9
6
0
,
 
1
8

s
o
l
d
e
r
i
n
g
 
i
r
o
n

m
e
t
a
l
 
s
t
r
i
p

m
e
t
a
l
-
s
h
o
t
 
a
n
d
 
f
i
l
i
n
g
s

m
e
t
a
l
 
s
p
i
r
a
l

b
l
a
c
k
 
a
n
d
 
w
h
i
t
e
 
p
a
p
e
r
s

1
.
t
h
e
r
m
o
m
e
t
e
r
s

3
 
f
i
l
m
s
t
r
i
p
s

n
i
c
h
r
o
m
e
 
w
i
r
e

l
i
g
h
t
 
b
u
l
b
 
a
n
d
 
s
o
c
k
e
t

2
 
p
l
a
s
t
i
c
 
b
a
g
s

j
a
r
 
o
f
 
m
o
t
h
b
a
l
l
s

j
a
r
 
o
f
 
a
m
m
o
n
i
a

W
h
a
t
 
I
s
 
H
e
a
t
,

p
a
g
e
s
.

3
 
a
l
u
n
i
n
u
m
 
p
a
n
s

p
a
r
a
f
f
i
n
 
b
l
o
c
k
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Appendix J-1
INSTRUCTIONS USED TO GUIDE TEST ADMINISTRATORS

A. Organisation of Materials Before Testing:

1. Have about 50 pencils sharpened and ready for pupils.

2. Be sure that you have test booklets, answer sheets for

each class of pupils who are to be tested.

3. Be sure that you know where the school is located, the

specific classes to be tested, the time you are expected, the time

when testing is to begin and end.

4. When you arrive at the school, go directly to the office
to inform the principal or assistant principal that you've arrived.

5. When you arrive in the classroom, sort your answer sheets

and booklets into convenient piles so that they may be readily dis-

tributed.

6. Hang the "Testing -- Do Not Disturb" sign on the door out-

side of the classroom.

B. Administering the Test to Pupils:

1. Introduce yourself to the class: "I am Mr. , from

Wayne State University. We're trying to discover how much boys and

girls at school know about science. Today, I'm going to

give you a test. It will be hard; so we'll have to work together.

By raising your hands, show me how many I can count upon for help.

Fine!"

2. Have pupils clear the tops of their desks. Quickly dis-

tribute pencils and answer sheets. Have pupils print or write first

and last name in appropriate place.

3. Set up sample marking space at chalkboard (see below).

1. 0 gl Pi 13 CI

4. Distribute booklets to each table or row. Wait until it

is quiet and you have pupils' attention. Then read the directions

precisely as they are written. Work the sample problem and mark

the correct answer on chalkboard. If there are one or two questions

answer them briefly and proceed immediately to the first item on

the test. 429
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5. Read each question and its possible answers in a loud
firm voice. As you pronounce the answers, do not give special in-
flection or emphasis to any answer. As a matter of fact, it is
preferred that you not know which answer is the best answer. If

pupils ask you questions about meanings of terms, do not give any
interpretation.

6. Move about the classroom occasionally. Watch for pupils
who may be marking their answer sheet incorrectly. If this occurs,
simply initial the student's paper and tell him to proceed with the
next question.

7. Throughout the testing, try to maintain a firm, business-
like demeanor. Use gestures, facial expressions, soundless whispers
in dealing with the pupils. If a serious disturbance seems imminent,
send the pupil to the principal's office and settle the matter after-
wards. If you notice someone copying the answers of a neighbor,
stare at him or walk directly to his side. If this copying persists,
simply put your initials on his paper. However, allow him to con-
tinue taking the test without disturbing the other students.

8. When the test has been completed, collect the pencils,
test booklets, answer sheets, and the test sign. Unless you.must
hurry to test another class, skim through the answer sheets to be
sure that each one has a name.

9. The regualourclassroom teacher should be nearby. If not
send one child to the office to inform her that the testing is com-
pleted.

10. If there were any irregularities, make a note of these on
the envelope containing the class's answer sheets.
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J-4
INSTRUCTIONS FOR PRE-UNIT TEST ON MACHINES

In the following test you will be asked questions about

machines. After each question there will be four answers. You

are to choose the best answer and mark the number of that answer

on your answer sheet. Do not make any marks on the booklet. Make
all marks on the answer sheet.

You are not expected to know all of the answers to these

questions about machines. Don't feel bad if you don't know some
of the correct answers. The purpose of this test is to find out
how much boys and girls in the elementary schools know about
machines before they have studied it in school. DO NOT GUESS

yupLy. If you do not know the answer to a question, skip over
that question and go on to the next.

You will not know all of the words in the test. Your
teacher will read the questions and possible answers with you.
This is done to help you with some of the hard words. Wait until
the questions and answers have been read aloud. Then select
the correct answer, if you know it. If you do not know the correct
answer, you may darken the space of answer #5.

Let's look at this sample question:

1. Which of the following is not a planet of our Sun?

1. Earth 2. Mars 3. Saturn 4. Moon

Which is the correct answer: Yes, is the right
answer, and so you would darken space number on your
answer sheet.

If you wish to change an answer, erase the first mark carefully.
Then make your new choice by darkening the space of the number
of your new choice.

As soon as everyone is ready, wu will begin. There are
pages to this test.

Are there any questions?

432
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1. Which of the following will usually have mechanical energy
ready for use?

1. Earth 2. Automobile 3. Sun 4. Wood

2. When a boy runs a race what happens to the energy he used?

1. He still has it to use again.
2. It's all used up.
3. He didn't use any energy.
4. Something else has it now.

3. A scientist would say that nag; work is done when:

1. Water runs into a sink.
2. A boy throws his ball.
3. A man is leaning against a tree.
4. All three of these happen.

4. A scientist would say that no work was done with a pencil that is

1. resting on a desk.
2. used to scribble on paper.
3. thrown at a wall.
4. anyone of these above.

5. Look at the picture above. If this is a second-class lever,
where is the load located?

1. A 2. B 3. C 4. D

Look at the picture above. If this was a third-class, lever,
where would the load be located?

1. 'A 2. B

433
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7. Look at tLe pictures (A,B,C,D) above. In which picture will
the #10 load be lifted?

1. A 2. B 3. C 4. D

8. Lock at the pictures (A,B,C,D) above. In which picture will nowork he Cone?

1. A 2. R 3. C 4. D

9. Look at picture "Du above. Which of the following is true forthat picture?

1. Both load and force travel same distance.
2. Both load and force travel at same peed
3. 10# travels farther than 100#.
4. 100# travels farther than 10C.
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10. Look at the pictures (A,n,C,D) above. In which picture is the

load arm longer than the 30# force arm?

1. A 2. B 3. C 4. D

11. Look at the pictures above. In which pictures is the force

arm 100xthan the load arm?

1. A and R 2. B and C 3. C and D 4. B and D

12. Look at the pictures above. In which picture will the lever

not move?

1. A 2. B 3. C 4. D

13. Look at the pictures above. In which pictures will the 100

load and the 300 force travel at the same speed?

1. A 2. R 3. C 4.D

14. Look at the pictures above. In which picture will the 304 force

travel farther than the 100 load?

1. A 2. 3. C 4. D

15. Look at the pictures above. In which picture will the 104: load

travel faster than the 300 effort force?

1. A 2. B 3. C 4. D

16. Look at the pictures above. In which picture will the load and

the force travel the same distance?

1. A 2. B
435
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17. Which of the following is not usually used as a lever?

1. Shovel
2. Hand saw
3. Crowbar
4. Hammer

16. If the lifting force is moved from A to 9, which of the

following is true?

1. Load is easier to move.
2. Load is harder to move.
3. Force moves at same speed at S or A.

4. Load moves faster.

19. The rock is to be lifted with a lever. Where should the fulcrum

be placed so that the smallest force will be used to lift it?

1. Aorta
2. 13 or C

3. A or C
4. C or D

20. Consider the picture at the
right. Whidh of the following
is correct?

1. Load and force balance evenly.

2. 60V, force moves faster than the load.

3. Load travels farther than force.

4. Load travels same distance as force.

111.111. ILIAILIIVWILIII

21. With which pulley will the load be moved upward?

1. 2. 3. 4.
Valk% IL11111kiihWINVIIIIMIMIklikkM1101111,11.0.1.1.61111011711,011. MM. IMMOIIM.11111.1111,1Mh 11=11 vs, wamm
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22. In order to make this pulley work, how much force must bAt used
to raise the load?

1. 250
2. 50#
3. More than 500
4.. Less than 50#

23. Consider the picture at the right
Which of the following is correct?

40
1. hog, travels fqlter than effort foice.
2. Force travels farther than load.
3. Load does not move.
4. Load travels farther than effort force.

*it 'A M\ MI4OIVISOVIAVA16 %%% VIP* . MIK %

24. Which of the following does not use a pulley?

1. Flag pole
2. Roller skate
3. Steam shovel
4. Elevator

25. If a load is raised 2 feet !y a movahle pulley, the lifting
force wilt travel. ailout2

1. 1 foot
2. 2 feet
3. 3 feet
4. 4 feet

26. Which of the following will lift the greatest weight with the
least effort?

6L. 3.
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27. If wheels A and B make one complete turn on thesidewalke then

1. Wheel A goes the same distance as Wheel B
2. Wheel B travels fa ter than wheel A
3. Wheel A goes fart er t an wheel R
4. Wheel B goes farther than wheel A

28. A bicycle wheel is shown at
the right with points A,B, C.
When it turns:

1. A travels farthest
2. B travels farthest
3. C travels farthest
4. Nil points travel same distance.

29. The airplane propeller has points A,B,C.
When it turns:

1. A travels farthest and fastest.
2. B travels farthest and fastest.
3. C travels farthest and fastest.
4. All points travel at same speed.

30. The front of an electric fan
is shown at the right with points
A,B,C. When it turns:

1. A travels fastest
2. B travels fastest
3. C travels fastest
4. All points travel at same speed.
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31. With weights hanging from ropes as shown,
which of the following will happen?

1. 400 weight goes down.
2. 200 weight goes down.
3. Both weights go down.
4. 40t1 weight balances 200 weight.

32. Which screwdriver will need the least effort to turn the same
screw?

1. 0===aus
2°C.:======.1111110

3. czallp
4.

33. In which picture is the axle arm at its'largesf?

1. 3. 4.

34. Which of the following wheels will require the least effort
force to move the 200 weight?

1. 2.
439
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35. What simple machine is illustrated
by the stickman going up the stairs?

1. Inclined plane
2. Screw
3. Lever
4. Wedge

36. Nhich of the following screws would be easiest to use in wood?

1) 2) 3) 4)

37. Which of the following wedges would be easiest to use in wood?

1. 2. 3. 4.

36. As the stick man sits in his boat, where does friction not exist?

1. Between the stick man and the sail
2. Between the stick man and the air
3. Between the sail and the wind
4. Between the boat and the water

39. As the box with the stick man
is moved, where will the
friction be greatest?

1. A
2. B
3. C
4. D
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40. As the wagon rolls along the sidewalk,
where does friction not exist?

1. Between air and stick man
2.-. Between air and wagon
3. Between wagon and sidewalk
4. Between stick man and wagon

41. If you quickly rub your hands together, they become warm. What
causes this?

1. Energy from one hand is given to the other hand
2. Mechanical energy between your hands
3. Friction between your hands
4. Moving your hands

42. Which of the following has some friction?

1. Fans
2. Roller skates
3. Airplanes
4. All three of the above.

43. Which of the following is an example of sliding friction?

1. Roller skating on sidewalk
2. Singing in wind
3. Writing on chalkhoard
4. Swimming in lake

44. Which of the following is not an example of f luid friction?

1. Swimming
2. Mississippi River
3. Thunderstorm
4. Skiing

45. Which of the following is an example of rolling friction?

1. Rike moving on sidewalk
2. Writing on chalkhoard
3. Running to automobile
4. Walking on sidewalk
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46. ghat type of friction is important to objects traveling through

air?

1. Grinding
2. Fluid
3. Rolling
4. Sliding

47. that kind of friction is important to the use of automobiles,

roller skates and bicycles?

1. Sliding
2. Rolling
:5. Grinding
4. Fluid

48. How much work is done when the
100# stick man runs up the four
steps?

1. 104 units of work
2. 400 units of work
3. 120 units of work
4. 500 units of work

49. If the snow is lifted 6 feet, how much work has been done?

1. 8 units of work
2. 4 units of work
3. 12 units of work
4. 3 units of work

50. Three boys jumped off a 6-foot porch. How much work was done ?

1. 3 units of work.
2. 18 units of work was done.
3. More information is needed.
4. No work was done.
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Table 216 PREFERRED ANSWERS TO QUESTIONS ON
SIMPLE MACHINES TEST

Test Item
Preferred
Answer

1 2

2 4

3 3

4 1

5 2

6 4

7 3

8 1

9 3

10 1

11 2

12 2

13 4

14 3

15 1

16 4

17

18 1

19 3

20 4

21 1

22 3

23 2

24 2

25 4

443

Test Item
Preferred
Ammer

26 1

27 3

28... .......

29 1

30 3

31 2

32 4
33 2

34 4

35 1

36 3

37 ...4
38 1

39 2

40 4
41 3

42 4

43 3

44 4

45 1

46 2

47 2

48 4
49 3

50 3
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INSTRUCTIONS FOR POSTELT TEST ON ELECTRICITY

In the following test you will be asked questions about
electricity. After each question there will be four answers.
You are to choose the best answer and mark the number of that
answer on your answer sheet. Do not make any marks on the booklet.
Make all marks on the answer sheet.

You are not expected to know all of the answers to these
questions about electricity. Don't feel bad if you don't know
some of the correct answers. The purpose of this test is to
find out how much boys and girls in the elementary schools know
about electricity after they have studied it in school. DO NOT
GUESS WILDLY. If you do not know the answer to a question,
skip over that question and go on to the next one.

You will not know all of the words in the test, Your
teacher will read the questions and possible answers with you.
This is done to help you with some of the hard words. Wait
until the questions and answers have been read. Then select
the correct answer, if you know it. If you do not know the
correct answer, you may darken the space under answer #5.

Let's look at this sample question:

1. Which of the following planets is farthest from the Sun?

1. Earth 2, Mars 3. Saturn 4, Pluto

Which is the correct answer: Yes, is the
right answer, and so you would darken the space on your answer
sheet under

If you wish to change an answer, erase the first mark
carefully, Then make your new choice by darkening the space
under the number of your new choice.

As soon as everyone is ready, we will begin. There are
pages to this test.

Are there any questions?

10/65
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1. The picture (above) shows what an atom may look like.

greatest negative charge?

1) at A 2) between A and C

Where is the

3) at B or C 4) between A and B

2. In the picture above, what is the name of the object at "B"?

1) proton 2) molecule 3) nucleus 4) electron

3. In the picture above what is the name given to the rings around

1) nucleus circuits
2) electron paths
3) molecule paths
4) none of these answers

4. In the picture above, where is the greatest positive charge?

1) at A 2) at B 3) at C 4) at B or C

5. In the picture above, what is the name of "A"?

1) electron 2) molecule

"A"?

3) nucleus 4) negative charge

445
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6. If the pictures above show three atoms, which atom has a neutral charge?

1) A 2) B 3) C 4) all have same neutral charge

7. If the pictures above show three atoms, which atoms will repel one another?

1) B and C 2) A and C 3) B and A 4) none repel

8. In the picture of three atoms shown above, which atom has the greatest
negative charge?

1) A 2) B 3) C 4) all have same negative charge

9. In the pictures above, which atom has the greatest positive charge?

1) A 2) B 3) C 4) all have same positive charge.

2

10. If the pictures above show three atoms, which atoms will attract one another?

1) B and C 2) A and C 3) B and A 4) all attract each other

446
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11. In the picture above there are 3 rods and a balloon. Which object is
negatively charged?

1) the balloon 2) rod A 3) rod B 4) rod C

12. In the picture above, which object is positively charged?

1) the balloon 2) rod A 3) rod B 4) rod C

13. In the picture above, which object will try to capture electrons?

1) the balloon 2) rod A 3) rod B 4) rod C

14. In the picture above, which of the rods will be attracted to the balloon?

1) A and B 2) B and C 3) A and C 4) all of the rods

15. Which object below will try to release electrons?

447
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16. What is the common way to make static electricity?

1) by rubbing
2) by electric motor
3) by rain
4) by electric light bulb

17. Where will static electricity usually be greatest?

1) in the nucleus
2) on the surface of a materiel
3) inside the material
4) on top of the nucleus

18. About haw many atoms are contained in the box?

1) about 100 2) about 1000 3) about 1 million

19. An electric motor can be operated by energy from:

1) sunlight 2) waterfalls 3) burning candle

20. When electrons move along a wire, what is this called?

1) closed current
2) electric circuit
3) electric current
4) open circuit

21. Which of the following best describes electricity?

1) flowing atoms
2) flowing nucleus
3) flowing electrons
4) flowing molecules

22. Which of the following is at the center of the atom?

1) negative charge 2) nucleus

4

4) more than 1 million

4) all of these

3) electron 4) molecule

23. Which of the following may be made by using electrical energy?

1) heat to cook food
2) light for a room
3) energy to move cars
4) all three of these
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A. flashlight
cell

D. electromagnet
J-21, 5

C. light bulb

24. Consider the picture above. To make a closed circuit, where is a

change needed (A,B,C,D)?

1) A 2) B 3) C 4) D

25, Look at the picture above. Which of the items (A,B,C,D) is the source

of electricity?

1) A. 2) B 3) C 4)D

26. Look at the picture above. When the circuit is closed, which direction

will the electricity move?

1) from light bulb to magnet
0 from flashlight cell to switch

3) from flashlight cell to electromagnet
4) from electromagnet to flashlight cell

27. Look at the picture above. If the circuit was closed what would.be

the best name for this arrangement?

1) parallel circuit
2) light bulb circuit
3) magnetic circuit
4) series circuit
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28. In the picture above, what is the name for this arrangement of

wires, flashlight cell, and lamps?

1) switch circuit
2) series circuit
3) parallel circuit
4) open circuit

29. Look at the picture above. Which of the following objects would usually

have this arrangement of wiring?

1) a house
2) an auto
3) christmas tree lights
4) all of these

30. Look at the picture above. What is the name of the path from

A to E to B and back to A again?

1) switch circuit
2) open circuit
3) closed circuit
4) atomic circuit

450
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31. What is a chemical change?

1) when two chemicals are mixed
2) when something changes shape
3) when something disappears
4) when a new material is made

32. Which of the following will strongly resist the flow of electricity?

1) cotton 2) metal 3) silver

33. What moves electrons through a conductor?

1) pressure of excess atoms
2) pressure of excess electrons
3) pressure of excess energy
4) loss of energy

4) all of these

34. An electric cell or battery uses a chemical change to make:
1) an excess of energy
2) a loss of molecules
3) an excess of electrons
4) an excess of atoms

35. Which of the following is needed for the heating dart of most electric
toasters?

1) large current of electricity
2) large wiring
3) good conductor of electricity
4) many atoms moving through wire

36. Which of the following does not depend upon heat made by electricity?

1) electric motor
2) electric fuse
3) electric coffee pot
4) electric iron

37. Which of the following is usually a good conductor of electricity?

1) water 2) cotton 3) metal 4) wood
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B.

38. If the same amount of electricity flows through each of the wires above,

which wire will be coldest (lowest temperature)?

1) A 2) B 3) C 4) D

39. If the same amount of electricity flows through each of the wires above,

which wire will be the hottest (highest temperature)?

1) A 2) B 3) C 4) D

8

40. If 4 wires are as large as those shown above, which wire would probably be

used for a light bulb?

1) A 2) B 3) C 4) D
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D

9

41. In the drawing above, a copper wire coil is moved over the bar magnet.

Which of the following happens?

1) a magnetic field is made in the magnet
2) electric current flows in the wire
3) the magnet's N-pole becomes S-pole
4) the magnet attracts the wire

42. Look at the bar magnet above. At which place (A,B,C,D) is the

magnetic field the strongest?

1) A 2) B 3) C 4) D

43. Four flashlight cells are showh below.
the path of electricity?

2 3

Which one shows correctly

4

44. Below are 4 dry cell batteries. Which one correctly shows the flow

of an electric current?

1) 2)

453
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45. What is the purpose of an electric generator?

1) make A. C. electricity
2) make D. C. electricity
3) prevent A. C. electricity
4) make both A. C. and D. C. electricity

46. In which of the following is an electromagnet very important?

1) in toasters
2) in batteries
3) in motors
4) in electric lights

47. When we talk about electricity, what is the meaning of D. C. ?

1) electricity flows in one direction
2) electricity flows back and forth
3) electricity flows down circuit
4) electricity flows in two directions

48. When electricity flows through an insulated coil of wire, what else is
needed to make a strong electromagnet?

1) any metal
2) iron rod
3) any conductor
4) any non-conductor

49. What happens to an electromagnet when its current of electricity is
stopped?

1) the poles are reversed
2) its force increases
3) its force ends
4) its strength remains unchanged

50. When we talk about electricity, what is the meaning of A. C. ?

1) electricity flows in one direction
2) electricity flows in two directions
3) electricity flows across circuit
4) electricity flows back and forth
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Table 217

Test Item

J- 27
PREFERRED ANSWERS TO QUESTIONS ON

ELECTRICITY TEST

Preferred
Answer

3

2 4

3 2

4 1

5 3

6 1

7 4

8 3

9 2

10 4

11 4

12 2

13 2

14 3

15 1

16 1

17 2

18 4

19 4

20 3

21 3

22 2

23 4

24 2

25 1
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Test Item

Preferred
Answer

26 3

27 4

28 3

29 4

30 3

31 4

32 1

33 2

34 3

35 1

36 1

37 3

38 4

39 1

40 1

41 2

42 2

43 1 or 2

44 3

45 4
46 3

47 1

48 2

49 3

50 4
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INSTRUCTIONS FOR POST-UNIT TEST ON HEAT

In the following test you will be asked questions about heat.
After each question there will be four answers. You are to choose
the best answer and mark the number of that answer on your answer
sheet. Do not make any marks on the booklet. Make all marks on
the answer sheet.

You are not expected to know all of the answers to these
questions about heat. Don't feel bad if you don't know some
of the correct answers. The purpose of this test is to find out
how much boys and girls in the elementary schools know about
heat after they have studied it in school. DO NOT GUESS WILDLY.
If you do nottnow the answer to a question, skip over that
question and go on to the next one.

You will not know all of the words in the test. Your
teacher will read the questions and possible answers with you.
This is done to help you with some of the hard words. Wait
until the questions and answers have been read. Then select
the correct answer, if you know it. If you do not know the
correct answer, you may darken the space under answer #5.

Let's look at this sample question:

1. Which of the following planets is farthest from the Sun?

1. Earth 2. Mars 3. Saturn 4. Pluto

Which is the correct answer: Yes, is the
right answer, and so you would darken the space on your answer sheet
under

If you wish to change an answer, erase the first mark
carefully. Then make your new choice by darkening the space under
the number of your new choice.

As soon as everyone is ready, we will begin. There are
pages to this test.

Are there any questions?
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1. The pictures above show what molecules may look like. Which is

the best picture of molecules in a 201,

1. A 2. B 3. C 4. D

2. Which picture above shows how molecules may be in a solid?

1. A 2. B 3. C 4. D

3. Which pictures above show how molecules might be in a liquid?

1. A and B 2. B and C 3. A and C 4. A and D

4. Look at the pictures above. If all molecules are removed, what

happens to the temperature inside the containers?

1. There is no temperature
2. Temperature doesn't change
3. Temperature falls and then rises

4. Temperature rises

5. Where does most heat energy come from?

1. equator 2. ocean 3. sun 4. machines

6. Which of the following words best explain the meaning of heat

energy?

1. Light changed to heat
2. Motion of molecules
3. Explosion
4. Friction
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7. Which of the following will produce heat energy?

1. Going down a slide
2. Starting a car's motor
3. A lighted lamp
4. All of the above

(2)

8. Which of the following would have the highest, amperature

1. Flaming match
2. Atlantic Ocean
3. Exploding volcano
4. Sun's surface

9. Which of the following would have the most heat energy?

1. Exploding volcano
2. Jet airliner
3. Atlantic Ocean
4. Flaming match

10. Which the following is the highest temperature?

1. 90°C
2. 110°F
3. Boiling water
4. All have same temperature
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11. The picture above shows a jar of water with ice cubes. What is

the temperature of the ice water?

1. 100°F

2. 0°C
3. 32 °C

4. 0°F

12. If the jar in the picture above is heated, what happens first?

1. Ice sinks
2. Water boils
3. Water changes to ice

4. Ice melts

13. If the jar is heated, what happens to the molecules of ice water?

1. They slow down
2. They lose energy

3. They move faster

4. They melt

14. If all heat is taken away from the jar, what happens to the ice

water?

1. It changes to air

2. Its temperature falls

3. Its temperature rises

4. It becomes a gas
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LS) C c) A I

In the figure above, the stick children are playing in the cold water
from the hose.

15. What happens when the cold water hits the children?

1. Water gains heat
2. Children lose heat
3. Children are cooled
4. All of the above happen

16. What happens to the puddles of water in the sunlight?

1. Puddles change to gas
2. Puddles give heat to sun
3. Puddles change to solid
4. Puddles take gas from air

17. 'Which of the following helps to form clouds?

1. Sunshine
2. Water from the hose
3. Puddles of water evaporate
4. All of the above help

18. As the wet children run to the house, wh, do they feel cold?

1. Because wind is cool
2. Because water evaporates from bodies
3. Because sun isn't very bright
4. All of the above cause it

19. In the picture above, where is most of the radiant energy coming
from?

1. sun 2. children 3. house 4. chimney
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20. What happens to the radiant energy which earth receives from the sun?

1. It changes its form
2. It no longer exists
3. Most heat is returned to sun
4. The energy is all used up

21. Which of the following depends upon convection?

1. Weather changes
2. Wind
3. House ventillation
4. All of the above

22. In the picture above, hot dogs are cooking in the pan. How do you
know that a gas is being formed?

1. See gas forming
2. Smell odor of hot dogs
3. Hot dogs turn brown
4. Hot dog gets bigger

23. In the picture above, how do you know that a liquid is being formed?

1. See brown color of hot dogs
2. Hot dog gets bigger
3. See grease drip from hot dog
4. Smell odor of hot dogs

24. Which of the following is the result of heat convection?

1. Seeing hot dog turn brown
2. Smelling hot dogs
3. Watching hot dog get bigger
4. Burning finger on stove
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25. Heat energy moves by
p

1. Radiation
2. Conduction
3. Convection
4. All of the above

26. In the picture above, the pan of water is being heated on the stove.

What is happening to the pan?

1. It is not changed
2. It is contracting
3. It is expanding
4. All of the above happen to pan

27. To cook food quickly in the pan of water, the pan should be

made of

I. wood 2. metal 3. paper 4. asbestos

28. In the picture above, what happens to the air above the pan

of water?

1. It is forced upward
2. It contracts
3. It is pulled down into the water
4. It changesto a liquid

29. In the picture above,
for the handle of the

1. aluminum 2.

which of the following would be most useful
pan?

wood 3. steel 4. copper

30. Which of the following are poor conductore of heat?

1. Paper and iron
2. Air and water
3. Steel and copper
4. All of the above are poor conductors
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(7)

11.10

31. In the picture above, the door of the refrigerator has just

been opened. In which direction does most of the heat travel?

1. From milk to ice
2. From ice to milk
3. From room into refrigerator
4. From refrigerator into the room

32. In the picture above, what happens to cold air in the refrigerator?

1. It falls out onto the floor
2. It stays inside refrigerator
3. It rises to top of refrigerator
4. It mixes equally with warm air

33. Which of the following would be a good insulator for the refrigerator?

1. Glass
2. Air
3. Paper
4. All of the above

34. If an insulator was used in the refrigerator, what is its

purpose?

1. Keep heat from entering refrigerator
2. Keep cold f....om entering refrigerator

3. Force heat into refrigerator
4. Force heat out of the refrigerator
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212 °A

984PB
70° C
3Z °0

FAHRENHEIT

THERMOMETER

35. In the thermometer shown above, which temperature would you

expect to find for a glass of ice water?

36. In the thermometer shown above, which temperature would you

expect to find for a healthy boy or girl?

1. A 2. B 3. C 4. D

37. In the thermometer shown above, which temperature would you

expect to find for boiling water?

1. A 2. B 3. C 4. D
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38. In the picture above, a child has blown up a balloon in the

warm house and carried it outside to place on the snowman.

What will happen to the balloon?

1. It gets bigger
2. It changes color
3. It becomes smaller
4. It remains the same

39. In the picture above, what happens to the air inside the

snowman's balloon?

1. Molecules move faster
2. Molecules gain heat energy
3. Molecules get bigger

4. Molecules lose heat energy

40. In the picture above, what causes the snowman to melt?

1. Heat from sun's rays
2. Sun sends warm air
3. Heat conducted from house
4. Convection from the sun

41. In the picture above, whist of the following will have the

highest temperature?

k. Water from melting snow
2. Small ball of snow
3. Air around snowman
4. Snowman's hat
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WATER
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42. In the pictures above, the containers are the same size.

Compare the weights of the three containers.

1. A weighs most
2. B weighs most
3. C weighs most
4. All weigh the same

43. In the pictures above, compare the number of molecules in

each container.

1. A has most molecules
2. B has most molecules

3. C has most molecules

4. Same number of molecules in each container

44. In the pictures above, compare the energy of a single

molecule in each container.

1. Molecule in A has most energy

2. Molecule in B has most energy

3. Molecule in C has most energy

4. All molecules have same amount of energy

45. Which of the following is the best example of heat conduction?

1. Electric light bulb

2. Smoke rising from chimney

3. Burn finger touching match

4. Sun sending heat to earth
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46. Which of the following is the best example of convection?

1. Mercury rising in thermometer

2. Sun sending heat to earth

3. Burn finger touching match

4. Heating inside of home

47. Which of the fallowing is a good example of radiation?

1. Sun sending heat to earth

2. Burn finger touching match

3. Smoke rising from chimney

4. All of the above

48. What causes ice to float on water?

1. It adds heat to the water

2. Its molecules are lighter than water

3. It expands upon freezing

4. It weighs more than water
p

49. Which of the following materials can give off radiant energy?

1. People
2. Light bulbs
3. Cars

4. All of these

50. What causes the red material in thermometers to go up?

1. Adding heat

2. It contracts

3. Removing heat
4. It's a gas

467



Table 218
J-40

PREFERRED ANSWERS TO QUESTIONS ON
HEAT TEST

Test Item
Preferred
Answer

Preferred
Test Item Answer

1 2 26 3
2 3 27 2

3 4 28 1

4 1 29 2

5 3 30 2

6 2 31 3
7 4 32 1

8 4 33 4
9 3 34 1

10 3 35 4
11 2 36 2

12 4 37 1

13 3 38 3

14 2 39 4
15 4 40 1

16 1 41 4
17 4 42 2

18 2 43 2

19 1 44 3

20 1 45 3

21 4 46 4
22 2 47 1

23 3 48 3
24 2 49 4
25 4 50 1

468



Appendix K-1
SAMPLE OF QUESTIONNAIRE MAILED TO

TEACHERS AFTER EACH UNIT WAS TAUGHT

1. Teacher's Name

2. On what date did instruction begin? , 1966.

3. On what date did instruction end? , 1966.

4. Please list the names of any pupils who missed more than three
dm of your instruction.

5. How many days per week (approximately) was the unit taught?
days/week.

6. How much time (approximately) was used for each day of instruc-
tion? min/day.

7. Questions regarding plan of instruction:

a) Which teaching procedure did you tend to follow?

Mu,stly Lecture

Mostly Teacher Demonstration

Mostly Teacher & Pupil Demonstration

Mostly Pupil Activities

Other

b) What were strong points of unit plan?

c) What were weak points of unit plan?

d) Did children make projects outside of school?

8. Did any unusual events occur which may have affected pupils'
favorably or unfavorably?

469



K-2

9. To your knowledge, were there any pupils in your class who had
physi.A1 handicaps or emotional problems which seriously interferred
with their participation in the testing or regular class activities?
If you know of such pupils, please write the names here.


